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1.1. Brief History 
 
In 1729, the catholic priest and botanist Pier Antonio Micheli (1679–1737) 
altered the course of mycology, being considered today one of the founding fathers of 
this branch of science. This is mainly because of his publication in that year of “Nova 
Plantarum Genera: iuxta Tournefortii methodum disposita”. In this work, he described 
and illustrated around 900 species of fungi, including important genera such as 
Botrytis, Polyporus, and Mucor. He also described a fungus with a spore-bearing 
structure that reminded him of a device used by the clergy to sprinkle holy water called 
asperges (in English, aspergillum), and named it Aspergillus (Figure 1).  
Eighty years after this first description, Link (1809) introduced two species: 
Aspergillus glaucus and Eurotium herbariorum, without noticing they represented a 
unique organism. De Bary (1854) demonstrated their common mycelial origin, showing 
that E. herbariorum was, in fact, the sexual stage of A. glaucus. 
In 1926, Thom and Church were the first to revise the genus Aspergillus, 
including 69 species divided into 11 groups. Later, Thom and Raper (1945) compiled 
77 species with 10 varieties, placing them in 14 groups. Afterwards, the monograph of 
Raper and Fennell (1965) accepted 132 species subdivided into 18 groups; this is 
considered one of the most important works regarding the taxonomy of Aspergillus. 
Gams et al. (1985) established a new scheme of classification of the genus in sections 
and subgenera; they proposed this infrageneric division including six subgenera and 17 
sections. It is noteworthy that this classification was, at that time, based almost 
exclusively on the study of macro and microscopic features of the specimens. 
More recently, DNA sequence data have been used in Aspergillus systematics 
to address issues about species boundaries and infrageneric relationships. Relevant 
works were accomplished by Varga and Samson (2008), with the publication 
“Aspergillus systematics in the genomic era” and by Peterson (2008), who provided the 
sequences of four different loci of 460 Aspergillus isolates. This multilocus analysis has 
demonstrated to be a very useful approach to identify and infer phylogeny of the 
members of Aspergillus with confidence. These and other molecular studies 
(Houbraken and Samson 2011) have shown that phenotypic-based groups of Raper 
and Fennell (1965) largely correspond with the nowadays classification of the genus 
(Houbraken et al. 2014). 
In 2011, in the International Botanical Congress Nomenclature Section at 
Melbourne, it was accepted the “One Fungus: One Name” (1F=1N) principle, which 
had a major impact on Aspergillus taxonomy (McNeill et al. 2012). Therefore, following 
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the new nomenclatural rules, several genera that described sexual morphs of 
Aspergillus, such as Neosartorya, Emericella, Eurotium, and Petromyces, are now 
synonymized with Aspergillus. 
Few years ago, Samson et al. (2014) provided a detailed revision including the 
latest information about phylogeny, nomenclature, and identification of Aspergillus. It 
must be taken into account that many other publications have contributed substantially 
to the study of Aspergillus throughout the years and shaped the knowledge we have on 
this genus. Moreover, the number of recent publications shows that the history of the 





Figure 1. First illustrations of Aspergillus made by Pier Antonio Micheli in his publication Nova 
Plantarum Genera (reproduced from Micheli 1729). 
 
 
1.2. General Characteristics and Morphology 
 
Opposed to yeast, the unicellular life form of fungi, Aspergillus is a multicellular 
organism, known as mold or filamentous fungus. The cells are organized as branched 
filaments called hyphae, which form a network called mycelium. They are heterotrophic 
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organisms, able to secrete acids and enzymes into the surrounding environment, 
breaking down polymeric molecules down into simpler ones that are then absorbed 
back into the fungal cell (Bennett 2010). In general, genus Aspergillus is very well 
adapted to live in a wide variety of conditions, what makes it one of the most common 
fungi in the planet. One of the main reasons for such ubiquity is the prolific production 
of uninucleated, hydrophobic, airborne conidia (Axelrod et al. 1973). The conidia 
production occurs by the differentiation of vegetative hyphae by asexual development 
(anamorphic stage). Additionally, the Aspergillus life cycle (Figure 2) may also include 
a sexual stage, (teleomorphic stage), known for many species. It involves the 
production of closed sexual fruiting bodies containing meiotic spores (ascospores). 
Where the sexual state is present, aspergilli have either heterothallic or homothallic 
breeding systems. Homothallic species can enter into the sexual cycle without the need 
to cross with a compatible partner, but are usually not restricted to self-fertilization. 
Although A. fumigatus and A. flavus were reported to present heterothallic systems, the 
homothallic breeding is far more prevalent among Aspergillus species (O’Gorman et al. 
2009; Czaja et al. 2011; Dyer and O’Gorman 2012).  
Both states, asexual and sexual, can offer adaptive advantages to survive and 
proliferate in many substrates. Aspergillus are commonly saprophyte organisms, many 
species (e.g., the former Eurotium species) are able to grow at low water activity (aw) 
(below 0.75); whereas others can survive in a wide range of temperatures (A. 
candidus, from 3 to 44 ºC; A. fumigatus, from 12 to 65 ºC) (Lacey and Magan 1991). 
Regarding pH, some studies report that A. niger can grow over a pH range of 1.5–9.8, 
A. candidus over 2.1–7.7, and A. pseudoglaucus over 1.8–8.5 at 1.0 aw (Panasenko 
1967). In addition, Aspergillus species appear to be tolerant at high CO2 concentrations 
(Paster et al. 1983). These physiological characteristics make this genus very common 
on soil, plant debris, stored feeds and seeds, indoor air environment, among many 
other substrates.  
Most Aspergillus species are recognizable by their characteristic 
conidiogenenous apparatus, i.e. an unbranched conidiophore terminating in a vesicle, 
on which the conidiogenous cells (phialides) are borne directly or on metulae (defined 
as “cell proximally adjacent to the phialide”), and the conidia are arranged in dry long 
chains. The current accepted terminology for the structures present in a typical 
Aspergillus, as well as the classic terminology used by Raper and Fennell (1965), is 
shown on Figure 3. The term sterigma was traditionally used to design the vesicle 
surface buds, the primary sterigma called metula and the secondary, phialide 
(Krijgsheld et al. 2013). However, in general, this terminology has been abandoned for 
the hyphomycetes. The terms stipe and foot cell are also being avoided in the 
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descriptions of aspergilli, and the term conidiophore is considered more appropriate to 
designate those regions (Minter et al. 1985). Conidial head is generally used to 
designate the portion that comprehends the vesicle and conidiogenous cells.  
It must be considered that, based on phylogenetic analyses, the production of 
aspergillus-like conidial heads does not guarantee that a given species belongs to 
Aspergillus (Samson et al. 2014). For example, Penicillium paradoxum was formerly 
described in Aspergillus because it produces condiophores with a terminal vesicle 
reminiscent of this genus; however, phylogenetic analyses place it in the genus 
Penicillium (Visagie et al. 2014a). On the other hand, species lacking typical 
aspergillus-like asexual structures are nested within the Aspergillus generic clade 
(Houbraken and Samson 2011). An example is Aspergillus inflatus (Stolk and Malla 
1971), which produces penicillium-like conidiophores, although it belongs to Aspergillus 
(Samson et al. 2014) (Figure 4). 
The Aspergillus species with known sexual stage are able to form a diploid 
zygote, which undergoes meiosis to produce haploid ascospores. This phase takes 
place inside an ascoma-type fruiting body called cleistothecium. The cleistothecium is a 
small spherical body containing thousands of ascoscopores, which may or may not be 
covered with white mycelium (Raper and Fennell 1965). The bivalve construction of a 
typical ascospore may have an evident furrow between the two parts or be flanked by 
crests. They can be smooth, rough, echinulate, or ridged, and all these characteristics 
are of important taxonomic value for species delimitation (Figure 5). 
Also may be present in an Aspergillus species Hülle cells and sclerotia (Figure 
6a and 6b). Hülle cells are specialized structures with thick walls, usually surrounding 
the cleistothecia. It may provide protective layer against desiccation and attack by soil 
dwelling animals, although their true function is uncertain (Johnson and Borman 2010). 
Sclerotium is a vegetative body consisting of thick-walled parenchyma-like cells shaped 
as hard masses. The role of sclerotia is to survive environmental extremes, and when 
conditions are again favorable, the sclerotia can directly produce conidia or form new 
mycelia (Wicklow 1987; Cary et al. 2007). 
Another peculiarity that may be observed in Aspergillus is the presence of 
accessory conidia (Figure 6c). This type of conidia was first observed in A. terreus; 
they are usually globose, produced singly, in clusters, sessile, or in small 
conidiophores, laterally on the hyphae. These conidia have been observed in vivo 
during human infection and they have already been reported in other species, such as 
A. citrinoterreus (section Terrei) or in many species of the section Flavipedes (Balajee 
2009; Guinea et al. 2015; Hubka et al. 2015). 
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Figure 2. Life cycle of Aspergillus nidulans. The asexual development is highlighted in purple, 
sexual development in pink, and parasexual cycle in yellow. The parasexual cycle consists in 
vegetative hyphae from two individuals fusing to form a heterokaryon and nuclei in a 
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Figure 3. Terms used by some authors to describe the different conidiogenous structures in 




Figure 4.Conidiophores of Aspergillus inflatus (a,b) (reproduced from Samson et al. 2014) and 
Penicillium paradoxum (c–e) (reproduced from Visagie et al. 2014a). 
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Figure 5. Examples of different morphology and ornamentation of Aspergillus ascospores 




Figure 6. Specialized structures in Aspergillus. Hülle cells (a); sclerotia (b); and accessory 
conidia (c) (reproduced from Hubka et al. 2015). 
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As mentioned before, after the first description of Aspergillus by Micheli in 1729, 
many reviews and advances were made in the attempt to update the generic concept 
of the genus. Currently, the Aspergillus concept was emended by Samson et al. (2014) 
and it is as following: 
 
Aspergillus P. Micheli ex Haller, emended description (Samson et al. 2014) 
 
Generic type: Aspergillus glaucus (L.) Link 
 
Vegetative mycelium hyaline to brightly pigmented. Conidiophores (aspergillum) 
consisting of thick-walled basal cells (foot cell) producing stalks, usually aseptate and 
unbranched, terminating in inflated apex (vesicle) which can be globose, ellipsoidal to 
clavate; conidiophores in some species may be septate, lack a foot cell, lack a vesicle, 
or consisting of single conidiogenous cells with one to several loci. Conidiogenous cells 
phialidic, producing dry conidial chains borne directly on the vesicle (uniseriate) or on 
metulae (biseriate); in a few species, appearing to be annellidic or polyphialidic. 
Conidia greatly varying in color, size, shape and ornamentation. Cleistothecia of 
various structures produced by some species with mostly a thin ascoma wall consisting 
of a single layer of hyphal networks, sometimes covered by layers of Hülle cells or 
sclerotium-like. Asci globose usually containing eight ascospores. Ascospores often 
lenticular, hyaline or coloured, varying in size, shape and ornamentation. Sclerotia or 
sclerotium-like structures regularly present in some species, varying in colour, size and 
shape, consisting of thick-walled cells, sometimes containing ascigerous structures. 
Hülle cells sometimes covering cleistothecia or occurring in compact masses in the 
mycelium, varying in shape and size, but mostly thick-walled and hyaline. 
 
 
1.3. Taxonomy and Nomenclature 
 
Taxonomy is a dynamic discipline and inadequate classification or uncertain 
nomenclature can lead to tremendous confusion (Houbraken et al. 2014). For a long 
time, Aspergillus was considered as an anamorphic genus being placed in the 
Deuteromycota phylum, Hyphomycetes class. The problem was that this traditional 
classification was artificial and usually based on morphology, and not on common 
phylogenetic background. However, with the progress of DNA sequencing and more 
precise analytical methods, the classification of anamorphic fungi has been modified 
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and hence redefined. Consequently, the current taxonomic position of Aspergillus is in 
Ascomycota phylum, Pezizomycotina subphylum, Eurotiomycetes class, Eurotiales 
order, and Aspergillaceae family. Aspergillus was previously considered as belonging 
to the Trichocomaceae family; however, Houbraken and Samson (2011), based on four 
genetic markers (Cct8, Tsr1, RPB1, and RPB2), have divided such family into three, 
Aspergillaceae, Thermoascaceae, and Trichocomaceae. 
As previously stated, the taxonomy and nomenclature of the teleomorphs of 
Aspergillus have also suffered important changes. Until recently, the different sexual 
states of Aspergillus were considered different genera. However, in the light of 
phylogenetic studies and the nomenclature changes proposed by 1F=1N, all 
teleomorph-based genera were transferred to Aspergillus. Therefore, the following 10 
genera are considered teleomorphs of this genus and synonymized with Aspergillus, 
i.e., Cristaspora, Emericella, Eurotium, Fennellia, Hemisartorya, Neocarpenteles, 
Neopetromyces, Neosartorya, Petromyces, and Saitoa. The genera Sclerocleista and 
Warcupiella, previously considered Aspergillus teleomorphs, do not belong to the 
Aspergillus monophyletic clade, and thus were excluded from this genus (Houbraken et 
al. 2014; Kocsube et al. 2016). 
Considering such a diverse and large genus, the generic classification of 
Aspergillus encompasses a great variability. Consequently, to group species 
morphologically and genetically related, which form distinct phylogenetic clades, the 
genus is commonly subdivided in subgenera and sections. The latest review of 
Aspergillus was based on nine loci (18SrDNA, 5.8S rDNA, 28S rDNA (D1-D2), RPB1, 
RPB2, CaM, BenA,Tsr1, Cct8) and Kocsube et al. (2016) divided it in six subgenera 
and 22 sections (Figure 7), but they did not included two sections (Petersonii and 
Tanerii). More recently, Chen et al. (2016) proposed the adoption of section 
Cavernicolus to group five species previously assigned to section Usti. Consequently, 
up to this date, Aspergillus has 25 proposed sections. 
 
 
1.4. Species Characterization in Aspergillus 
 
There are over 350 described species of Aspergillus (Samson et al. 2014), 
many of them based on their morphological and physiological features. However, in the 
last years, these characters proved to be insufficient to distinguish all the species, 
especially the called cryptic ones, which are usually phylogenetically very close related 
and consequently, sharing many phenotypic characteristics. 
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There are a number of diagnostic features important in the identification of the 
species of Aspergillus. The introduction of molecular technologies has been a great 
advance in this field, but there may have been a tendency to over-evaluate these 
techniques in the characterization of species. There is no method, molecular or 
phenotypic, which works flawlessly in recognizing species (Samson and Varga 2009). 
To overcome the individual disadvantages of each method, the polyphasic approach 
proposes the combination of many features to reach species recognition in Aspergillus 
with confidence, such as morphological characters of colony and micromorphology; 
physiological characters, such as growth on different culture media at different 
temperatures; extrolite profiles; and multilocus DNA sequence analyses. 
 
 
1.4.1. Morphological Identification 
 
The classical method for characterizing Aspergillus isolates was summarized by 
Samson et al. (2014). The basic recommended media for species recognition in 
Aspergillus are Czapek Yeast Autolysate agar (CYA) and Malt Extract agar (MEA). 
However, when describing a new taxon, other media should be included in the 
characterization; usually, Dichloran 18% Glycerol agar (DG18), Yeast Extract Sucrose 
agar (YES), Oatmeal agar (OA), and Creatine Sucrose agar (CREA). CREA, first 
introduced for penicillia characterization, can also provide an important physiological 
aid in the identification of Aspergillus species, being able to detect acid production 
because of the bromocresol purple pH indicator (Frisvad 1981). Depending on the 
organism, for example osmophilic Aspergillus from section Aspergillus, other media 
can be included, such as CYA supplemented with 20% sucrose and Harrold’s agar. 
These latter media have high content of sugar, a condition required for some species of 
that section to grow and sporulate (Raper and Fennell 1965; Hubka et al. 2013). The 
colony morphology, also known as macromorphology, is often recommended to be 
observed at 7 and 14 days, but it is also important keep the observation of the colony 
for longer periods of time because some characteristics (e.g. sclerotia, soluble 
pigments, ascomata) may need more time to appear. Most of the visible features may 
have taxonomic value, such as colony growth rates, texture, degree of sporulation, 
production of sclerotia or cleistothecia, mycelium colors, soluble pigments, exudates 
and colony reverse. 
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Figure 7. ML tree based on nine loci showing the position of Aspergillus and its sections in 
relation to families Aspergillaceae, Thermoascaceae, and Trichocomaceae. Monophyletic 
groups are collapsed and shown as triangles (reproduced from Kocsube et al. 2016). 
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The microscopic features, or micromorphology, are recommended to be 
observed under light microscopy mainly from MEA cultures after at least 7 days of 
incubation. The recommended mounting fluid for this purpose is 60% lactic acid or 
Shear’s solution. By contrast, lactophenol is corrosive and it is not recommended. 
Washing out the excess of conidia with a drop of 70 % ethanol facilitates the 
visualization and prevents the presence of air bubbles. The useful characters to be 
examined are: the shape of conidial heads (radiate or columnar), the number of 
branching points between vesicle and phialides (uniseriate or biseriate), color of 
conidiophores, and the size, shape and texture of conidiophores, vesicles, metulae 
(when present), phialides, conidia, Hülle cells (when present), cleistothecia, asci and 
ascospores. Texture of conidiophores and conidia vary from smooth to rough. The 
shape of vesicles are usually globose, pyriform, spathulate, or clavate. The use of 
scanning electron microscopy (SEM) is also a powerful tool for species recognition, 
especially for visualizing ascospores ornamentation (Samson et al. 2014).  
 
 
1.4.2. Extrolites Profile 
 
By definition, an extrolite (or secondary metabolite) is an outwardly directed 
chemical compound produced during differentiation of a living organism. It is usually 
excreted, but can also be accumulated in the cell wall or membrane. Their regulation is 
by the genome and influenced by the surrounding biotic and abiotic environment 
(Samson and Frisvad 2004). Evidences show that some extrolites like xanthocillins, 
terphenyllins, and emodin are in common within all subgenera of the genus (Frisvad 
and Larsen 2015) (Table 1). Frequently, within a particular section of Aspergillus, a 
large number of species share the ability to produce a given secondary metabolite, 
although most metabolites are produced by species in only one or few sections. 
However, it must be taken into account that some well-known bioactive secondary 
metabolites, such as penicillin, viridivatin, mevinolin, pseurotin A and cyclopiazonic acid 
are present in phylogenetically different sections of Aspergillus (Frisvad and Larsen 
2015). 
Production of a particular secondary metabolite can be an efficient identification 
trait for allocating species to section level and even for species identification (Samson 
et al. 2014). For this purpose, the best methodology for extracting and separating the 
extrolites is through High Performance Liquid Chromatography (HPLC) and then, the 
identification is usually carried out by mass spectroscopy based technology (Frisvad et 
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al. 2008). Growth media and technical and analytical procedures must be standardized 
to give reliable profiles. Furthermore, a qualitative database on the verified production 
of secondary metabolites by different species of Aspergillus is required to enable 
identification (Samson et al. 2014).  
 
Table 1. Extrolites present in Aspergillus subgenera based on Frisvad and Samson 
2004; Samson et al. 2004; Nielsen et al.2009; Frisvad and Larsen 2015, 2016; Ma et 





Fumigati Nidulantes Circumdati 
Pseurotins − + − + 
Kojic acid − − + + 
Terrein − − + + 
Asperphenamate + − − + 
Sterigmatocystin + − + + 
Cyclopiazonic acid − + − + 
Malformins − + − + 
Fumitremorgins − + + + 
Emodin (as precursor) + + + + 
6-Methylsalicylic acid (as 
precursor) − + − + 
Itaconic acid + − − + 
Viridicatins − + + + 
Penicillins − + + + 
Notoamides − − + + 
Aflavinins − + + + 
Echinulins + + − + 
Diketopiperazines + − − + 
Polythiodiketopiperazines − + + + 
Kotanins/desertorins + − + + 
Falconensin type azaphilones − + + + 
Xanthocillins and terphenyllins + + + + 
Mycophenolic acid + + − − 
Heveadrides + + − − 
Patulin + + − − 
 
 
1.4.3. Molecular Identification 
 
DNA sequence data and molecular phylogenetic studies are being applied in 
Aspergillus taxonomy to address issues about species boundaries and infrageneric 
relationships for nearly thirty years (Geiser et al. 2008). The most frequently sequenced 
marker, considered the official DNA barcode in fungi, is the internal transcribed spacer 
rDNA region (ITS), which includes the ITS1, 5.8S gene, and ITS2 regions (Schoch et 
al. 2012). Although it is broadly used, it sometimes does not contain enough variation 
for distinguishing among all species of Aspergillus, and the rank of discrimination 
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generally is only to the section level. Based on that, other genetic markers are needed 
to give more information and to successfully identify close related species. The 
adoption of other markers should be considered as long as they are easy to amplify 
and there are sequences available for comparison (Samson et al. 2014). Three 
additional loci are largely used for identification and taxonomy of Aspergillus (Peterson 
et al. 2008; Samson et al. 2014) (Table 2). A portion of the β-tubulin gene (BenA) is 
easy to amplify and there are universal primers (Glass and Donaldson 1995). However, 
caution is necessary because the PCR can result in the amplification of paralogous 
genes, generating confusion and mistakes in phylogenetic inferences (Hubka and 
Kolarik 2012). Portion of the calmodulin (CaM) gene is also widely used, and the 
sequence database is almost complete for all accepted species of Aspergillus. Another 
useful option is sequencing the RNA polymerase II second largest subunit (RPB2) 
which can provides complementary information, but it is reported not so easy to amplify 
as the previously mentioned markers. Samson et al. (2014) suggest the use of CaM as 
a provisional secondary identification marker in Aspergillus, but the best alternative to 
the ITS region may vary among the sections. The multilocus study based on these four 
genetic markers (ITS, BenA, CaM, and RPB2) is currently the most effective way to 
distinguish all species of Aspergillus, including the considered cryptic ones. 
 
Table 2. Primers and annealing temperatures used for amplification and sequencing in 
Aspergillus (adapted from Samson et al. 2014). 
 
 
Locus Amplific. Annealing 
temp (ºC) 
Cycles Primer Dir. Primer sequence (5′–3′) Reference 
ITS standard 55 (alt. 52) 35 ITS1 F TCCGTAGGTGAACCTGCGG White et al. 1990 
   ITS4 R TCCTCCGCTTATTGATATGC White et al. 1990 
   V9G F TTACGTCCCTGCCCTTTGTA De Hoog and Ende 
1998 
   LS266 R GCATTCCCAAACAACTCGACTC Masclaux et al. 
1995 
BenA standard 55 (alt. 52) 35 Bt2a F GGTAACCAAATCGGTGCTGCTTTC Glass and 
Donaldson 1995 
   Bt2b R ACCCTCAGTGTAGTGACCCTTGGC Glass and 
Donaldson 1995 
CaM standard 55 (alt. 52) 35 CMD5 F CCGAGTACAAGGARGCCTTC Hong et al. 2005 
   CMD6 R CCGATRGAGGTCATRACGTGG Hong et al. 2005 
   CF1 F GCCGACTCTTTGACYGARGAR Peterson et al. 
2005 




touch up 50-52-55 5-5-30 5F F GAYGAYMGWGATCAYTTYGG Liu et al. 1999 
 (48-50-52)  7CR R CCCATRGCTTGYTTRCCCAT Liu et al. 1999 
   5Feur F GAYGAYCGKGAYCAYTTCGG Houbraken et al. 
2012 
      7CReur R CCCATRGCYTGYTTRCCCAT Houbraken et al. 
2012 
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Next-generation sequencing is becoming increasingly affordable, enabling 
whole-genome sequence-based analyses. Up to date, 44 Aspergillus species genomes 
are available in the fungal genomics portal MycoCosm (http://jgi.doe.gov/fungi), 
developed by the US Department of Energy Joint Genome Institute, a number more 
than twice than it was in 2014. Aspergillus genomes are similar in size (29 to 36 Mb) 
and GC content (48 to 53%), slightly larger than in Onygenales. Similarly, the number 
of predicted genes is also a little more elevated in the range of 9113 to 13,553. Larger 
differences were observed for the repetitive portion of the genome, which is in the 
range of 100 kb to 1.3 Mb. Genomes of the Aspergillaceae have an average repeat 
content of 2–3% (De Vries et al. 2017). 
However, the genome sequence itself does not reveal many secrets and further 
analyses of functional and comparative genomics are needed to recognize evolutionary 
differences between strains or species (Knuf and Nielsen 2012). Comparative genome 
analyses of Aspergillus species can help elucidate physiological aspects and 
characteristics of genome evolution and gene regulation, likely to be common to all 
eukaryotic organisms (Galagan et al. 2005).  
The study of the genome function and evolution of Aspergillus has already 
begun yielding remarkable novel insights regarding genome architecture, sexual 
reproduction, population biology, secondary metabolism, and virulence mechanisms 
(Gibbons and Rokas 2013). For instance, in the biotechnological setting, the genomic 
analyses of A. niger strains found characteristic key enzymes and pathways for their 
industrial fermentation application (Andersen et al. 2011). In the clinical setting, these 
analyses can help understanding dynamic alterations that occur in a fungal pathogen 
genome within its host, as well as how the host environment can modify phenotypic 
properties (Hagiwara et al. 2014). Comparison of the genomes and transcriptomes may 
help, for example, in predicting which pathogenicity factors are especially important 
(Cerqueira et al. 2014). 
 
 
1.5. Importance of Aspergillus 
 
Aspergillus is one of the most well-known and studied groups of filamentous 
fungi, with many important roles in natural ecosystems and human economy. Because 
it is very diverse, it presents positive and negative aspects in many fields. The ability to 
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produce a wide range of extracellular enzymes, organic acids, and secondary 
metabolites are intensely used for different industrial purposes. Nevertheless, 
numerous species are also able to invade tissue from a host causing infections or to 
produce harmful metabolites causing plant and/or animal diseases. 
 
 
1.5.1. Biotechnological Aspects of Aspergillus 
 
It is believed that the use of Aspergillus species for fermentation purposes goes 
back many centuries in old Chinese and Japanese recipes that describe the use of 
fungal cultures in preparation of food stuffs. The physiological properties and metabolic 
versatility of Aspergillus contribute for their use in biotechnological purposes. Like in 
other filamentous fungi, the abilities of Aspergillus in secreting enzymes that hydrolyze 
starch, cellulose, pectin, proteins, lipids, and other biopolymers are exploited to 
manufacture enzymes for industrial use (Meyer et al. 2015). 
With the development of the recombinant technology, species such as A. niger, 
A. oryzae, and A. terreus have been developed into important hosts to over produce 
enzymes and pharmaceutical proteins (Van Dijck 2008). The first cholesterol lowering 
drug statin approved for human use was isolated from A. terreus (Alberts 1998). Other 
compounds with pharmacological activities produced by Aspergillus species include 
cholecystokinin and neurokinin antagonists, ion channel ligands, and antifungal drugs 
(An 2005). In the fermentation industry, this genus is frequently used for the production 
of organic acids, enzymes, vitamins and antibiotics (Kozakiewicz, 1989). Among the 
acid production, the citric acid is one of the most important. The versatility and non-
toxicity of citric acid are its main positive characteristics and it has many applications. 
In food and beverage industry is used as an acidifier or antioxidant to preserve or 
enhance the flavors; in the pharmaceutical industry, as antioxidant to preserve 
vitamins, pH corrector, blood preservative, or in the form of iron citrate; in the chemical 
industry, is employed as a foaming agent for the softening and treatment of textiles; 
among other applications (Max et al. 2010). Other acids produced by Aspergillus 
species widely used in the chemical industry are gluconic, itaconic, oxalic, and kojic 
acid (Ward et al. 2005).  
Aspergillus can produce and secrete a variety of industrial enzymes that have 
been used for commercial purposes for over 120 years, including amylases, 
pectinases, cellulases, lipases, proteases, and glucose-transforming enzymes (Fogarty 
1994). Amylases and proteases are widely used in baking processes, for example to 
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modify wheat gluten (Souza et al. 2015), and pectinases have, for example, 
applications in fruit processing and recovery of plant oils (Poletto et al. 2015). 
On the other hand, several Aspergillus mycotoxins have been identified as 
contaminants in foods and feeds, the most relevant being the aflatoxins, ochratoxins, 
fumonisins and patulin. Contamination by mycotoxins can have a huge economic 
impact on biotechnological industries. The aflatoxins are the most important 
mycotoxins; they are known to be hepatotoxic, carcinogenic, teratogenic, and 
mutagenic (Ward et al. 2005). There are six predominant types, the AFB1 being 
considered the most potent naturally occurring carcinogen (Gouas et al. 2009). 
Similarly, the ochratoxin A has also received special attention because of the same 
effects and its marked nephrotoxic and immunotoxic nature (Scibelli et al. 2003). It is 
commonly found on staple food crops, and beverages such as beer and wine (Bayman 
and Baker 2006). 
 
 
1.5.2. Aspergillus and Disease 
 
More than 90% of all reported fungal-related human deaths are consequence of 
the infections produced by one of the four following genera: Cryptococcus, Candida, 
Pneumocystis, or Aspergillus (Brown et al. 2012). Nevertheless, all Aspergillus species 
have a saprobic life style and infections caused by members of this genus, the 
aspergillosis, are opportunistic. As opportunistic pathogens, their metabolic apparatus 
did not evolve in order to take advantage of living hosts. Aspergillus diseases are not 
contagious in the sense that they pass from one infected host to another, instead 
infections arise from the environment (Bennett 2009). Their conidia are commonly 
present in the air and, eventually, they can enter our body through lungs and sinuses, 
mainly, or through traumatized skin, intravascularly (through catheters or drug abuse), 
gastrointestinal tract, and ear (Stevens 2009). Inhaled conidia of Aspergillus spp. are 
usually effectively cleared by phagocytic cells, such as alveolar macrophages, 
neutrophils and monocytes, without clinical consequence (Segal 2007). However, in 
immunocompromised individuals, with prolonged neutropenia, allogeneic 
hematopoietic stem cell transplant, solid organ transplant, inherited or acquired 
immunodeficiencies, corticosteroid use, etc.; or who have preexisting diseases, e.g. 
tuberculosis or diabetes, the risks for establishing an invasive aspergillosis are 
considerably higher. In individuals with hyperactiveimmune systems, on the other hand, 
the risk of allergic aspergillosis increases (Figure 8). 
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No other infectious agent of man produces the diversity of infections as 
Aspergillus species. The aspergillosis can be broadly divided into the following 
categories (Denning 2010): invasive life-threatening infection in immunocompromised 
patients; subacute or chronic infection in patients with pre-existing pulmonary or sinus 
disease and probably some subtle defect in innate immunity; allergic or eosinophilic 
disease which is manifest in many forms including allergic bronchopulmonary 
aspergillosis, eosinophilic rhinosinusitis and extrinsic allergic alveolitis; locally invasive 
infection as a result of trauma or surgery, notably keratitis and post-operative infection. 
In addition, fungal colonization on the outermost layers of the epithelium may lead to a 
range of non invasive infections, including onychomycosis, dermatomycosis and 
dacrocystitis (Van Burik et al. 1998). 
 
Figure 8. Frequency of aspergillosis in relation to the host immune system (modified and 
reproduced from a concept developed by Denning; Gibbons and Rokas 2013). 
 
Aspergillus species have a series of virulence factors that allow them to infect a 
host (Paulussen et al. 2016). These factors may refer to a specific component of the 
pathogen or relate to fungal structure, capacity for growth, stress adaptation, host 
damage and mechanisms utilized to evade the immune system (Chotirmall et al. 2014). 
The cell wall is considered a crucial virulence factor for fungal binding and subsequent 
invasion of host epithelium (Chotirmall et al. 2014). Others such as adhesion factors, 
e.g. hydrophobins, which allow the binding of the conidia to host epithelial cells (Tomee 
and Kauffman 2000) and conidial melanin, that can masks immunostimulatory glucans 
and protects against immune cells (Valiante et al. 2016) are also important. Molecules 
such toxins, e.g. gliotoxin, that can suppress the host immune response (Sugui et al. 
2007; Sales-Campos et al. 2013) and allergens, e.g. Asp f2, which aids pulmonary 
colonization by binding to laminin (Rementeria et al. 2005), likewise play significant 
roles in Aspergillus virulence. 
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The ability of Aspergillus to cause diseases is not limited to men. Other animals 
such as dogs, horses, lizards, and birds, for example, were already reported with 
aspergillosis (Girling and Fraser 2009; Coyner 2010; Cafarchia et al. 2012; Walker 
2012). Plants can also be susceptible to Aspergillus diseases, which cause mainly 
postharvest rots of fruits and vegetables and seeds and grains decay (Agrios 2005). 
Since many species have the capacity to produce mycotoxins, the ingestion of 
contaminated foods, especially grains and stored products, can cause mycotoxicosis. 
The small size of the toxin molecules do not induce response in the human immune 
system and the most common consequence is deterioration of liver or kidney function, 




1.5.2.1. Laboratory Diagnosis of Aspergillosis 
 
The diagnosis of a fungal infection should be precise and fast. An accurate 
diagnosis enables the choice of the proper antifungal therapy and an early diagnosis 
allows the treatment at a time when it is most likely to be effective (Kozel and Wickes 
2014). The gold standard for the diagnosis of an Aspergillus infection is isolation and 
culture of the organism in the microbiology laboratory. However, culturing is often 
poorly specific and slow. For example, blood cultures are usually negative for invasive 
aspergillosis (Brown et al. 2012). According to the revised EORTC/MSG consensus, 
the diagnosis of invasive aspergillosis can only be proved in the presence of a positive 
histopathology (De Pauw et al. 2008). As confirmatory microbial cultures are not 
available in all cases, expertise in discerning the specific features of Aspergillus 
infection is critical in determining optimal therapy (De Pauw et al. 2008). Consequently, 
the diagnosis typically involves not only the isolation of the organism, but also a 
combination of clinical signs and symptoms, existence of host factors, diagnostic 
imaging (x-ray, CT scan), among others. The ideal diagnostic test is yet to be 
discovered and every method has some limitation, but several approaches have shown 
satisfactory results in many occasions. The detection of fungal components, mostly 
antigens and DNA, has become the most relevant novelty in the last decade in the field 
of medical mycology (Bernal-Martinez et al. 2016). 
Histopathology can be a rapid and cost-effective direct examination tool that 
provides a presumptive or definitive diagnosis of invasive fungal infection. In addition, it 
can differentiate fungal infections caused by hyaline molds from those caused by black 
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fungi or even mucorales. However, histology does not allow differentiating among 
species, which is essential for selecting the best therapy (Guarner and Brandt 2011). 
The hyaline hyphae of Aspergillus can be easily seen by Grocott-Gomorri 
methenamine silver stain or by acid Schiff silver stain. 
Detection of fungal polysaccharides in the serum, plasma, or other body fluids 
can also be of use. The 1,3-β-D-glucan is a carbohydrate present in the majority of 
fungal species and its detection in the serum is indicative for a presumptive diagnosis 
of invasive fungal disease. The main advantage of such test is the good negative 
predictive value (90%) (Odabasi et al. 2004). The galactomannan is a polysaccharide 
component of the Aspergillus cell wall and its detection in the body fluids has 
demonstrated to be a significant tool in the early diagnosis of invasive aspergillosis, 
especially in patients with hematological malignancies (Pfeiffer et al. 2006). However, 
this technique is not useful in all groups of patients and false positives may occur. 
Regarding the PCR-based methods, although there have been many studies in 
the past 20 years; the main disadvantage is still the lack of standardization. The 
parameters of gene targets, detection system, primers, clinical specimen, volume, DNA 
extraction procedure and the PCR itself are highly variable, hampering the inter-
laboratory comparison. Nevertheless, it may have diagnostic value when results are 
compatible with the clinical context of the patient (Bernal-Martinez et al. 2016). 
It is worth mentioning that in recent years, the MALDI-TOF MS (matrix assisted 
laser desorption ionization – time of flight mass spectrometry) has been developed for 
improving the microbial identification in clinical laboratories and it has been reported to 
yield rapid and accurate identification of filamentous fungi. The method generates a 
mass spectrum that is compared against a database by specific software, resulting in 
the identification of the organism. The main limitations of this technique are that 
databases are not public and low number of entries can result in misidentifications. If 
the number of strains for each species were expanded, it would improve the usefulness 
of MALDI-TOF MS (Masih et al. 2016). This technique shows promise, but a lot of work 
remains to make routine identifications feasible (Visagie et al. 2014a). 
 
 
1.5.2.2. Antifungal Susceptibility Testing 
 
Antifungal susceptibility testing methods are available to determine the best 
treatment for an infection by a specific fungus, to detect antifungal resistance, and to 
know the local and the global epidemiology of antifungal resistance (Alastruey-
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Izquierdo et al. 2015). The increased incidence of fungal infections and the emergence 
of new therapeutic alternatives have led the development and standardization of 
methods for testing antifungal susceptibility (Colombo et al. 2010). As a result, there 
are now several methods available for the evaluation of in vitro antifungal activity in 
filamentous fungi, including broth-based and agar-based methods.  
The microdilution is considered the gold standard for antifungal susceptibility 
testing and two organizations currently have regulated protocols: the Clinical and 
Laboratory Standards Institute (CLSI), document M38-A2 (2008), and the European 
Committee on Antimicrobial Susceptibility Testing (EUCAST), document E.DEF 9.3 
(2015). Both institutions have developed breakpoints for several antifungals to some 
Aspergillus species, which are currently used to classify resistant strains. Both 
approaches have proved to yield comparable results (Pfaller et al. 2011). 
The agar-based tests are alternatives to the microdilution. They are cheap and 
easier to perform in a clinical laboratory; however, the results may disagree with the 
reference microdilution methods (Gupta et al. 2015). The M51 series of the CLSI and 
the commercial Etest® (bioMérieux, Marcy l’Etoile, France) are the most commonly 
performed. Other commercial tests are available but not yet fully validated for 
Aspergillus. 
 Among the clinically available antifungals drugs, the most commonly used and 
efficient for treating Aspergillus infections are the azoles, the echinocandins, 
amphotericin B, and terbinafine. The azoles act in the fungal cell membrane by 
blocking the pathway of ergosterol biosynthesis, specifically the enzymes 14-α-sterol 
demethylases A and B. This mechanism prevents the conversion of lanosterol to 
ergosterol, resulting in the accumulation of toxic methylsterols and inhibition of fungal 
cell growth and replication (Mellado et al. 2001; Thompson and Patterson 2010). The 
first azoles, such as ketoconazole and fluconazole, lacked activity against Aspergillus 
species, but the newer triazoles (e.g. itraconazole, posaconazole, voriconazole, 
ravuconazole, isavuconazole, and albaconazole) have demonstrated fungicidal activity 
against this genus. Azoles differ in their affinity for the 14-α-demethylase enzyme and 
this difference is largely responsible for their varying antifungal potency and spectrum 
of activity (Thompson and Patterson 2010). Currently, voriconazole is the 
recommended treatment for aspergillosis by the Infectious Diseases Society of 
America. Posaconazole is recommended for prophylaxis against invasive aspergillosis 
and itraconazole for allergic bronchopulmonary aspergillosis (Patterson et al. 2016). 
The echinocandin drugs are potent inhibitors of β-1,3-D-glucan synthase, which 
catalyzes the biosynthesis of the principal glucan component of fungal cell walls, being 
the first class of antifungal agents to target the fungal cell wall (Morrison 2006). 
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Caspofungin, micafungin and anidulafungin are the principal drugs of this class and, 
although their action in Aspergillus species is fungistatic, their in vivo effectiveness 
appears to be derived from drug-induced enhancement of the local immune response 
(Perlin and Hope 2010). 
Amphotericin B is an antifungal agent from the polyene class, commercially 
available for almost 50 years. The mechanism of action of polyenes remains somewhat 
controversial, but it is believed that they act by forming pores in the fungal membrane 
by binding to ergosterol, which leads to membrane leakage and possible fungal cell 
death (Vanden Bossche et al. 1994; Lewis 2010).  
Lastly, terbinafine is a member of allylamine group, which inhibit ergosterol 
biosynthesis via inhibition of squalene epoxidase. Although it is commercialized to treat 
dermatophytosis, most of isolates of Aspergillus are susceptible in vitro to terbinafine 
(Cuenca-Estrella and Rodriguez-Tudela, 2010). 
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2. INTEREST AND OBJECTIVES 
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Species of Aspergillus are ubiquitous and very common in the environment, 
inhabiting a great diversity of substrates. Some of them are also known as relevant 
human pathogens, responsible for over 200,000 life-threatening infections per year 
worldwide (Brown et al. 2012). The advances in modern medicine, in a paradoxical 
way, contribute to an increasing population with altered immune function. Solid-organ 
and stem cell transplantation, new chemotherapeutics for cancer and inflammatory 
conditions, prolonged survival of critically ill patients, among other factors, continually 
expand the population of immunocompromised patients and, consequently, at risk of 
fungal infections. The main agent of aspergillosis is A. fumigatus, but others such as A. 
flavus, A. niger, and A. terreus have increased as the cause of severe opportunistic 
infections, especially in the immunocompromised host (Richardson and Lass-Florl 
2008). The change in the epidemiology of fungal infections is noticeable and many 
authors already reported that this shift occurs towards more resistant and/or cryptic 
species (Lass-Florl and Perkhofer 2008; Alastruey-Izquierdo et al. 2013; Nedel and 
Pasqualotto 2014). 
The diversity of Aspergillus species recovered from clinical samples is also 
progressively increasing and the difficulty to differentiate among them by classical 
methods may lead to misdiagnoses. Clinically, the accurate identification of an 
Aspergillus to the species level is important when dealing with infections refractory to 
antifungal therapy, for investigation of an outbreak, or when performing epidemiologic 
studies (Balajee et al. 2007). 
Improvement of identification methods, especially the sequence-based, may be 
one of the reasons for the changes in the epidemiology and the greater diversity of 
Aspergillus species found in clinic and environmental samples. Sequencing of many 
genetic loci and construction of phylogenies helped to understand the relationship 
among sections and the species delimitation in Aspergillus. For example, strains 
placed in species complexes and/or considered varieties are now better delineated and 
promoted to the species rank. Although close related species may share morphological 
features, they may present differences in physiological aspects and susceptibility to 
antifungal drugs (Varga et al. 2008; Guinea et al. 2015), which should be properly 
described and reported. 
In biotechnology, the production of metabolites of interest and mycotoxins are of 
highly economic importance. The correct identification is essential, otherwise chemical 
data could be linked to an incorrect species; incorrect names could be included in 
quarantine legislation; and food-safety recalls could be done based on scientifically 
inaccurate information (Samson et al. 2014). 
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The ubiquity, complexity and diversity of Aspergillus are the main reasons why 
this genus was chosen to be the focus of this thesis. Aspergillus has positive and 
negative impact in many fields, including fungal taxonomy, food and indoor mycology, 
biotechnology, ecology, medical mycology, and genomics; therefore, the correct 
identification is a crucial step in many disciplines (Houbraken et al. 2014). Recent 
reports prove that the diversity of the genus is yet being discovered and there are 
potential numerous new species to be described in a variety of substrates (Visagie et 
al. 2014; Hubka et al. 2015; Chen et al. 2016). 
Considering that the current studies on Aspergillus diversity are focused mainly 
on sections Fumigati, Flavi and Nigri, the main objective of this thesis was: 
To contribute to the better knowledge of genus Aspergillus, exploring the 
species diversity of the less studied Aspergillus sections from clinical and 
environmental sources. 
 
To reach these general purposes, the specific objectives were:  
 
1. To obtain a great number of isolates belonging to poorly studied sections of 
Aspergillus from clinical samples and different environmental sources, such as 
soil or herbivore dung.  
2. To identify the isolates based on morphological criteria and comparison of DNA 
barcodes.  
3. To characterize the detected putative new species by a polyphasic approach, 
including phenotypic features (i.e. macro and micromorphology, growth rates, 
acid production) and phylogenetic relationships based on multilocus sequence 
analyses. 
4. To determine the in vitro activity of clinically available antifungals against the 
most frequent species recovered from clinical samples. 
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3. MATERIAL AND METHODS 
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3.1. Origin of the Isolates 
 
A total of 433 isolates obtained from different sources were included in the 
studies of this thesis (Table 3). The clinical isolates (n = 248), from animal and human 
origins, were provided by the Fungus Testing Laboratory of the University of Texas 
Health Science Center (UTHSCSA, USA), a reference institute that receives clinical 
isolates collected from different organizations of the country. The great majority of the 
isolates with known origin were from respiratory tract samples (n = 99; 39.9 % of 
clinical isolates), mainly from bronchoalveolar lavage (BAL; n = 59; 23.8 %) and 
sputum (n = 25; 10.1 %) (Figure 9). The environmental isolates (n = 185) were 
obtained from soil (n = 92; 49.7 %), herbivore dung samples (n = 82; 44.3 %), and plant 
debris (n = 10; 5.4 %), and one isolate with unknown origin. The environmental 
samples were collected mainly from different regions from Spain, although soil samples 
from different countries such as Mexico, Brazil, Argentina, etc., were also studied. The 
isolation procedure is explained bellow. 
 
 
Figure 9. Column graph exhibiting the number of Aspergillus isolates included in this thesis 
according to the clinical origin. 
 
 
3.2. Techniques for the Isolation of Environmental Aspergillus 
 
Soil samples were taken from the superficial layers of soil without the organic 
material (horizon A-A0 ~1 cm deep), placed in plastic bags and stored at 4 ºC until they 
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were processed. Dung samples were usually collected in paper bags and processed as 
soon as possible, without being stored for long periods of time. 
Approximately 1 g of each soil or dung sample were put in a tube with 9 mL of 
sterilized distillate water, homogenized thoroughly, and serially diluted until 10-5. The 
pour plate method was used with one mL of each dilution pipetted in a new, sterile, 
plastic Petri dish, and then approximately 20 mL of melted cooled agar medium were 
poured into the plate and carefully homogenized. Two different media were chosen and 
prepared at the same time, i.e. Potato Dextrose Agar (PDA, Pronadisa, Madrid, Spain) 
and Dichloran Rose-Bengal Chloramphenicol Agar (DRBC; 5 g peptone, 10 g glucose, 
1 g potassium dihydrogen phosphate [KH2PO4], 0.5 g magnesium sulphate [MgSO4], 
25 mg rose-bengal, 2 mg dichloran, 200 mg chloramphenicol, 15 g agar, 1000 mL 
distilled water). Plates were incubated at room temperature and checked continuously 
for 3 to 4 weeks. 
In parallel, small pieces of dung samples were incubated in moist chambers 
(sterile Petri dishes with filter paper) at room temperature. To maintain wet conditions, 
sterile water was poured every 3 or 4 days, and Petri dishes were also examined for 3 
to 4 weeks. Colonies that exhibited the typical Aspergillus morphology were isolated in 
PDA plates for further investigation. 
 
 
3.3. Phenotypic Characterization 
 
The Aspergillus isolates were characterized following the criteria recommended 
by Samson et al. (2014). The morphology of the colonies and growth rates were 
determined after 7 days of incubation on CYA (Becton, Dickinson and Company, 
Sparks MD, USA) and MEA (Pronadisa, Madrid, Spain) at 25 ºC, and on CYA at 37 ºC. 
Moreover, the characterization of the isolates belonging to section Aspergillus was 
based on Hubka et al. (2013); i.e., colonies were also studied on CYA supplemented 
with 20% sucrose (CY20S) at 25 ºC and 37 ºC, and Harrold’s Agar containing 60% 
sucrose (M60Y) (Raper and Fennell 1965). The isolates that represented new species 
were described on CYA, MEA, DG18 (Hocking and Pitt, 1980), YES (Frisvad 1981), 
OA (Samson et al. 2010), and CREA (Frisvad 1981) at 25 ºC, and CYA at 30 ºC and 37 
ºC. The colony colors in descriptions were based on Kornerup and Wanscher (1967). 
Microscopic features were examined and measured on MEA and/or CY20S 
cultures, after 10 to 14 days of incubation. Wet mounts were prepared with 60% lactic 
acid and the excess conidia were removed using a drop of ethanol 70%. Photograhs of 
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the habitat were taken from a Carl Zeiss Stemi Stereo Material Microscope and 
photomicrographs were made in a Zeiss Axio Imager M1 light microscope, both 
mounted with a DeltaPix Infinity X digital camera (Zeiss, Oberkochen, Germany). For 
the photomicrographs, Nomarski differential interference contrast and phase contrast 
optics were used. Scanning electron microscope (SEM) photographs were obtained 




3.4. Molecular Studies 
 
3.4.1. DNA Extraction, Amplification, and Sequencing 
 
Total genomic DNA was extracted from MEA cultures after 7 days of incubation 
at 25 ºC, using one of two methods, i.e. FastDNA® Kit and the FastPrep® Instrument 
(MP Biomedicals, Irvine CA, USA) according to the manufacturer’s specifications, or by 
a method based on Muller et al. (1998), with modifications. Ammonium acetate and 
chloroform steps were used to isolate and purify the DNA, removing proteins and other 
organic compounds, and isopropanol was used to precipitate and concentrate the 
DNA. Amplification targeted the four most used genetic markers for Aspergillus 
(Peterson 2008; Samson et al. 2014): i.e., ITS regions, including the 5.8S gene, and 
portions of BenA, CaM, and RPB2 genes. The primers used to amplify those regions 
were: ITS5 and ITS4 (White et al. 1990); Bt2a and Bt2b (Glass and Donaldson 1995); 
Cmd5 and Cmd6 (Hong et al. 2005); and 5F and 7CR (Liu et al. 1999), respectively.  
PCR products were sequenced in both directions, using the same primers, at 
Macrogen Europe (Macrogen Inc., Amsterdam, Netherlands). Sequences were 
assembled and edited using SeqMan v.7.0.0 (DNASTAR, Madison, WI, USA). 
All sequences newly generated in the studies included here were deposited in 
GenBank/EMBL databases and included in Table 3. 
 
 
3.4.2. Molecular Identification and Phylogenetic Analysis 
 
The presumptive molecular identification was provided by pairwise sequence 
analyses in databases available online (GenBank/EMBL and MycoBank).  
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The final species identification was obtained through phylogenetic analyses. 
They were performed individually for each gene and in concatenated studies. 
Sequences of type and reference strains were obtained from the GenBank and 
included in the analyses. Outgroups were also included, mostly a member of a different 
section or, in the case of a general tree, Penicillium paradoxum CBS 527.65. 
Multiple sequence alignment for each studied section was performed with 
ClustalW together with MUSCLE in MEGA v.6 software (Tamura et al. 2013), with 
manual adjustments to refine it when necessary. For larger alignments, the MAFFT tool 
was used in the EMBL-EBI Web Services portal.  
MEGA v.6 software was also used to conduct the Maximum Likelihood (ML) 
analysis, and for the estimation of the best nucleotide substitution method. Support of 
the internal branches was assessed by the Bootstrap method with 1,000 replications, 
where values equal or higher than 70 were considered significant. In parallel, Bayesian 
Inference (BI) method was performed using MrBayes v.3.1.2 software (Ronquist and 
Huelsenbeck 2003). The evolutionary models that best fit each gene were assessed by 
the software MrModelTest (Nylander 2004). Markov chain Monte Carlo (MCMC) 
sampling was performed with two simultaneous runs for 1 million generations, with 
samples taken every 100 generations. The 50% majority rule consensus trees and 
posterior probability values (pp) were calculated after removing the first 25% of the 




3.5. Antifungal Susceptibility Test 
 
The isolates that underwent antifungal susceptibility test were confronted 
against up to nine antifungal drugs following the microdilution broth method, according 
to the document M38-A2 (CLSI 2008). The inoculum consisted in the preparation of 
conidial suspensions from pure culture grown on PDA from seven to 10 days. A sterile 
loop with a drop of Tween 20 was used to scrape the colonies and transfer them to a 
tube with sterile water. The suspension was then filtered through sterile gauze to 
remove hyphal fragments and the concentration adjusted according to the protocol by 
counting on a Neubauer chamber. The antifungal agents tested were amphotericin B 
(AMB) (Sigma Aldrich Quimica S.A., Madrid, Spain), itraconazole (ITC) (Jansen 
Pharmaceuticals, Beerse, Belgium), posaconazole (PSC) (Schering-Plough Res., Inst., 
NJ, USA), voriconazole (VRC) (Pfizer S.A., Madrid, Spain), anidulafungin (AFG) (Pfizer 
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S.A., Madrid, Spain), caspofungin (CFG) (Merk & Co., Inc., Rahway, EUA), micafungin 
(MFG) (Astellas Pharma, Madrid, Spain), terbinafine (TBF) (Sigma Aldrich Química 
S.A., Madrid, Spain), and flucytosine (5FC) (Sigma Aldrich Química S.A., Madrid, 
Spain). Microplates were prepared for each antifungal drug with concentrations ranging 
from 0.03 to 16.0 µg/mL. The minimal inhibitory concentration (MIC) was defined as the 
lowest drug concentration that produced 100% inhibition of visible fungal growth for the 
AMB and the azoles (ITC, PSC and VRC) or 50% and 80% for 5FC and TBF, 
respectively. The minimum effective concentration (MEC) was determined for the 
echinocandins (AFG, CFG and MFG) and was defined microscopically as the lowest 
concentration of drug that would permit the growth of small, rounded, compact hyphal 
forms as compared with the long, unbranched hyphal clusters that were seen in the 
growth control. The period and temperature of incubation, in some cases, were slightly 
modified to fit the growth requirements of the isolates. For instance, for members of 
section Aspergillus, readings were performed after 72 h of incubation, and, for section 
Versicolores and isolates of A. pseudoglaucus and A. microperforatus, the microplates 
were incubated at 30 ºC. Candida krusei ATCC 6258, Aspergillus flavus ATCC 204304, 
and Aspergillus fumigatus ATCC MYA-3626 were used as quality control strains and 
their MIC values were within the acceptable MIC range per the CLSI standard. All the 
tests were carried out in duplicate on different days to assess reproducibility. Results 
were statistically analyzed using the Prism software for Windows, version 6.0 
(GraphPad Software, San Diego, CA). 
 
 
3.6. Storage and Conservation of the Strains 
 
Pure cultures of all the isolates studied in this thesis were deposited in the 
Facultat de Medicina de Reus (FMR) culture collection. Different methods of 
conservation were adopted to ensure the survival of the isolates.  
Additionally, living cultures of rare and new species, as well as the respective 
holotypes, were also deposited at the Westerdijk (before CBS-KNAW) Fungal 
Biodiversity Institute (Utrecht, the Netherlands). Names for the new taxa were 
registered at the MycoBank database. 
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3.6.1. Short Term Conservation 
 
The isolates were inoculated in agar slants with PDA and OA, and stored at 
room temperature in plastic tubes with sealing caps. In addition, spore suspensions 
were prepared accordingly to Samson et al. (2014). For this, spores from a pure culture 
were suspended in a solution of 0.2 % agar + 0.05 % Tween 80 and stored at 4 ºC. 
 
 
3.6.2. Long Term Conservation 
 
To preserve the viability of the isolates for long periods, other methodologies 
were applied. Pure cultures in agar slant glass tubes with screw caps were covered in 
mineral oil and stored at room temperature. Additionally, from a pure culture in a plate, 
blocks of the agar were cut with a sterile scalp and placed in glass flasks with 2–3 ml of 
sterile water. The flasks were sealed and stored at room temperature. The third method 
used for long-term conservation was lyophilization. Scrapes of colony were 
homogenized in flasks with 1–2 ml of skim milk medium (Difco, USA) and lyophilized by 
the automate system VirTis Advantage 2.0 ES (SP Scientific, USA). Flasks were 
sealed and stored at room temperature. 
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The Aspergillus isolates from clinical samples included in this thesis were 
preliminary identified by morphological examination and analysis of, at minimum, one 
of the recommended phylogenetic markers, revealing the existence of at least 49 
species in 11 sections (Figure 10). Considering we focused on the species diversity of 
not well-known sections of Aspergillus in clinical specimens, 72 isolates that belonged 
to sections Fumigati, Flavi, and Nigri were not studied further in the thesis. On the other 
hand, 176 isolates were selected to complete the multilocus sequence analysis for their 
final identification. Based on that, 40 species were identified from the sections 
Aspergillus, Circumdati, Clavati, Cremei, Flavipedes, Nidulantes, Terrei, and Usti. The 
sections with most isolates were Versicolores (currently Nidulantes), Circumdati, and 
Aspergillus, which resulted in three publications (sections 4.1–4.3 of this thesis). The 
remaining clinical isolates are part of a study on cryptic species of Aspergillus from 
clinical samples, which is currently being prepared to be submitted (4.4). Among the 
species identified, the most frequent were A. sydowii (n = 20) and A. creber (n = 17) in 
section Nidulantes; A. calidoustus (n = 17) in section Usti; A. amoenus (n = 14) in 
section Nidulantes; A. montevidensis (n = 11) in section Aspergillus; and A. 
westerdijkiae (n = 10) section Circumdati. It is also worth mentioning the proposal of 
three new species. Two of them were already described, A. pseudosclerotiorum (n = 8) 
in section Circumdati and A. microperforatus (n = 2) in section Aspergillus. The third 
new species belongs to section Flavipedes and it is included in the publication of 
cryptic Aspergillus species (4.4).  
Regarding the environmental isolates, they were preliminary identified by 
sequencing of the BenA marker, the best informative locus to discriminate among 
Aspergillus species. A total of 79 species (n = 185 isolates) were identified and 
distributed in 13 sections (Figure 10). The most frequent species were A. fumigatus (n 
= 19) in section Fumigati, A. niger (n = 8) in section Nigri, A. pseudodeflectus (n = 7) in 
section Usti, A. spelaeus (n = 7) in section Flavipedes, and A. alabamensis (n = 6) in 
section Terrei. Forty eight species (n = 92) were recovered from soil samples collected 
in Argentina, Brazil, Cambodia, Chile, Costa Rica, Indonesia, Mexico, Morocco, Spain, 
Thailand, Uruguay, Venezuela, and Vietnam. Another 48 species (n = 82) were 
isolated from dung samples collected from different natural areas from Spain, including 
Balearic and Canary Islands. Isolates from plant debris (n = 10), collected also in 
Spain, corresponded to 10 species. Among the environmental isolates, 17, nine from 
herbivore dung and five from soil, could not be identified using only BenA. Sequencing 
of other markers and phenotypic characterization confirmed that they corresponded to 
14 new species. The descriptions of these new species are included in two different 
studies according to their origin, i.e. from herbivore dung (4.5) or from soil (4.6). 
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Figure 10. Column graph exhibiting the number of Aspergillus isolates included in this thesis 
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4.1. Species diversity of Aspergillus section Versicolores in 
clinical samples and antifungal susceptibility 
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al Socipolymerase II second largest subunit (RPB2), and the drugs tested, following the CLSI guide
lines, were amphotericin B (AMB), itraconazole, posaconazole, voriconazole, anidulafun
gin, caspofungin, micafungin, terbinafine (TBF), and flucytosine (5FC). The most frequen
species were Aspergillus sydowii (26 %), Aspergillus creber (22 %), and Aspergillus amoenu
(18.2 %), followed by Aspergillus protuberus (13 %), Aspergillus jensenii (10.4 %), and Aspergillu
tabacinus (5.2 %); while Aspergillus cvjetkovicii, Aspergillus fructus, Aspergillus puulaauensis
and Aspergillus versicolor were represented by only one isolate each (1.3 %). This is the firs
time that A. jensenii and A. puulaauensis have been reported from clinical samples. Consid
ering the high number of isolates identified as belonging to this fungal group in this study
its clinical relevance should not be overlooked. Aspergillus versicolor, traditionally consid
ered one of the most common species in this section in a clinical setting, was only rarel
recovered in our study. The in vitro antifungal results showed that echinocandins an
TBF were the most potent drugs, the azoles showed variable results, AMB was poorly ac
tive, and 5FC was the less active.
ª 2016 British Mycological Society. Published by Elsevier Ltd. All rights reserved
59; fax: þ34 977 759322.
Gene).
06
1878-6146/ª 2016 British Mycologic ety. Published by Elsevier Ltd. All rights reserved.
Introduction
Aspergillus is one of the most ubiquitous genera of ascomy-
cetes. It includes many species of biotechnological and indus-
trial relevance (Houbraken et al. 2014). Some of them,
particularly Aspergillus fumigatus, are involved in allergic dis-
eases and severe infections in both animals and humans (de
Hoog et al. 2011). Therefore, the correct identification of the
et al. 2005; Lee et al. 2012). However, the spectrum of species
of the section Versicolores in the clinical setting, considering
modern taxonomic criteria proposed for Aspergillus (Jurjevic
et al. 2012; Samson et al. 2014; Visagie et al. 2014), has not
been fully explored. Additionally, the antifungal susceptibil-
ity of these species is practically unknown because it has
only occasionally been reported (Torres-Rodrıguez et al.
1998; Chavez et al. 2010; Negri et al. 2014). The aim of this
-
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Joao Paulo Zen Siqueire fungal isolates is crucial for a better knowledge of the actual
prevalence of the different species in their habitats and sub-
study, therefore, was to investigate, using a multilocus se






































































strates. Traditionally, Aspergillus identification is based on
macro- and micromorphological characteristics, and the spe
cies organized in groups or sections (Raper & Fennell 1976
Gams et al. 1985). Recent molecular studies have demon
strated that most of the Aspergillus sections are in fact mono
phyletic groups of closely related species. However, th
boundaries of some sections still remain unclea
(Houbraken & Samson 2011; Houbraken et al. 2014; Samson
et al. 2014; Hubka et al. 2015). The section Versicolores is a clea
example. It includes a group of relevant species but with
a taxonomy not yet resolved. Some authors consider th
delimitation of the members of this section from those o
the section Nidulantes to be unresolved (Peterson 2008
Buzina 2013; Houbraken et al. 2014; Negri et al. 2014), whil
others treat Versicolores and Nidulantes as different section
(Jurjevic et al. 2012; Samson et al. 2014; Visagie et al. 2014
Hubka et al. 2015). Despite their being closely related and be
ing two monophyletic clades with low statistical support
both sections show some phenotypic characteristics that al
low their distinction. Specifically, the Versicolores species ar
characterized by conidiophores with subglobose to pyriform
vesicles, biseriate conidial heads, usually radiated, with
greenish rough-walled usually globose to subglobose conidi
(Raper & Fennel 1976; Klich 1993; Jurjevic et al. 2012). How
ever, they are particularly difficult to distinguish among spe
cies because even though their cultural morphology i
considerably different, their microscopic structures are ver
similar (Klich 1993; Jurjevic et al. 2012). The taxonomy of Ver
sicolores has been investigated molecularly in recent year
and 20 species have so far been accepted (Jurjevic et a
2012; Samson et al. 2014; Visagie et al. 2014), Aspergillus versi
color and Aspergillus sydowii being the most well-known and
studied species. The interest of the species of this section
lies in their common occurrence in indoor environment
(Zahradnik et al. 2013; Sharpe et al. 2015), the ability to pro
duce sterigmatocystin, a carcinogenic, and mutagenic pre
cursor to aflatoxin B1, and in their differen
biotechnological applications (Schmitt et al. 2002; Batist
et al. 2003; Jurjevic et al. 2013; Dou et al. 2014; Li et al. 2015
Moreover, they have been reported as human and animal op
portunistic pathogens (de Hoog et al. 2011; Buzina 2013) abl
to cause a variety of infections, including onychomycosi
(Torres-Rodrıgues et al. 1998; Takahata et al. 2008), endoph
thalmitis (Perri et al. 2005), ear infection (Rotoli et al. 2001), in
vasive pulmonary infections (Charles et al. 2011
aspergilloma (Kane et al. 2014), homograft valve infection
(Huh et al. 2013), endodontic infection (Gomes et al. 2015
and vaginitis (Borsa et al. 2015); as well as infections in ani
mals, such as dogs (Zhang et al. 2012) and horses (LudwiVersicolores in clinical samples in the USA and to determin




A total of 77 isolates of Aspergillus section Versicolores were in
vestigated (Table 1), 69 from human origin, six from anima
specimens and two from an environmental source. These iso
lates were received at the Fungus Testing Laboratory of th
University of Texas Health Science Center (USA) from othe
centres in the country to identify them and/or to determin
their antifungal susceptibility. Most of the isolates had been
provisionally morphologically identified as Aspergillus versi
color (n ¼ 74) and three as Aspergillus spp.
Morphological characterization
The fungal isolates were characterized morphologically fol
lowing the criteria recommended by Samson et al. (2014
Briefly, the macromorphology of the colonies and the growth
rates were determined on Czapek Yeast Autolysate Aga
(CYA, Becton, Dickinson and Company, Sparks, MD, USA
and Malt Extract Agar (MEA, Pronadisa, Madrid, Spain) afte
7 d of incubation at 25 C and 37 C. The microscopic struc
tures were examined and measured on MEA cultures afte
10e14 d of incubation at 25 C, in wet mounts with 60 % lacti
acid. Photographs were taken with a Zeiss Axio Imager M
light microscope (Zeiss, Oberkochen, Germany) with
a mounted DeltaPix Infinity X digital camera using Nomarsk
differential interference contrast and phase contrast optics.
DNA extraction, amplification, and sequencing
Total genomic DNA was extracted from MEA cultures afte
7 d of incubation at 25 C, using the FastDNA Kit and th
FastPrep Instrument (MP Biomedicals, Irvine, CA, USA
according to the manufacturer’s specifications. Four geneti
markers were amplified, i.e. the internal transcribed space
(ITS) region of the rDNA, which comprises ITS1, the 5.8
gene, and ITS2, and fragments of b-tubulin (BenA), calmodulin
(CaM ), and RNA polymerase II second largest subunit (RPB2
genes (Peterson 2008; Samson et al. 2014). The primers use
were ITS5 and ITS4 for the ITS region (White et al. 1990), Bt2
and Bt2b for the BenA gene (Glass & Donaldson 1995), Cmd
and Cmd6 for CaM gene (Hong et al. 2005), and 5F and 7CR
Table 1 e GenBank accession numbers of the sequences of each of the Aspergillus strains included in this study.
Species (no. of isolates) Isolate number Origin GenBank accession number
ITS BenA CaM RPB2
A. amoenus (14) UTHSC 05-2980 Animal LN898664 LN898818 LN898741 LN898895
UTHSC 06-1721 BAL LN898665 LN898819 LN898742 LN898896
UTHSC 07-1668 Sinus LN898666 LN898820 LN898743 LN898897
UTHSC 07-2785 Pleural fluid LN898667 LN898821 LN898744 LN898898
UTHSC 07-2881 Pleural fluid LN898668 LN898822 LN898745 LN898899
UTHSC 08-2366 e LN898669 LN898823 LN898746 LN898900
UTHSC 11-476 Sputum LN898670 LN898824 LN898747 LN898901
UTHSC 11-1419 BAL LN898671 LN898825 LN898748 LN898902
UTHSC 06-4284 BAL LN898672 LN898826 LN898749 LN898903
UTHSC 09-125 BAL LN898673 LN898827 LN898750 LN898904
UTHSC 12-340 Animal LN898674 LN898828 LN898751 LN898905
UTHSC 07-443 BAL LN898675 LN898829 LN898752 LN898906
UTHSC 07-3621 Chest LN898676 LN898830 LN898753 LN898907
UTHSC 09-2582 Lung biopsy LN898677 LN898831 LN898754 LN898908
A. creber (17) UTHSCDI 14-226 BAL LN898678 LN898832 LN898755 LN898909
UTHSCDI 14-228 Nail LN898679 LN898833 LN898756 LN898910
UTHSC 14-223 Arm LN898680 LN898834 LN898757 LN898911
UTHSC 03-2409 Environment LN898681 LN898835 LN898758 LN898912
UTHSC 05-2359 BAL LN898682 LN898836 LN898759 LN898913
UTHSC 09-1670 BAL LN898683 LN898837 LN898760 LN898914
UTHSC 09-3357 BAL LN898684 LN898838 LN898761 LN898915
UTHSC 14-188 BAL LN898685 LN898839 LN898762 LN898916
UTHSC 06-3435 BAL LN898686 LN898840 LN898763 LN898917
UTHSC 10-1327 Nail LN898687 LN898841 LN898764 LN898918
UTHSC 11-2813 Skin mucosa LN898688 LN898842 LN898765 LN898919
UTHSC 09-2679 BAL LN898689 LN898843 LN898766 LN898920
UTHSC 10-639 BAL LN898690 LN898844 LN898767 LN898921
UTHSC 04-799 Sputum LN898691 LN898845 LN898768 LN898922
UTHSC 07-2788 BAL LN898692 LN898846 LN898769 LN898923
UTHSC 04-434 Sputum LN898693 LN898847 LN898770 LN898924
UTHSC 10-582 BAL LN898694 LN898848 LN898771 LN898925
A. cvjetkovicii UTHSC 10-479 Environment LN898695 LN898849 LN898772 LN898926
A. fructus UTHSC 12-3194 Pericardium LN898696 LN898850 LN898773 LN898927
A. jensenii (8) UTHSCDI 14-220 Nail LN898697 LN898851 LN898774 LN898928
UTHSC 05-3600 Sputum LN898698 LN898852 LN898775 LN898929
UTHSC 09-2299 Sputum LN898699 LN898853 LN898776 LN898930
UTHSC 10-327 Sputum LN898700 LN898854 LN898777 LN898931
UTHSC 12-79 BAL LN898701 LN898855 LN898778 LN898932
UTHSC 07-3790 BAL LN898702 LN898856 LN898779 LN898933
UTHSC 10-71 BAL LN898703 LN898857 LN898780 LN898934
UTHSC 09-425 Nail LN898704 LN898858 LN898781 LN898935
A. protuberus (10) UTHSC 06-4104 BAL LN898705 LN898859 LN898782 LN898936
UTHSC 09-246 Animal LN898706 LN898860 LN898783 LN898937
UTHSC 11-269 BAL LN898707 LN898861 LN898784 LN898938
UTHSC 07-2433 BAL LN898708 LN898862 LN898785 LN898939
UTHSC 08-3392 BAL LN898709 LN898863 LN898786 LN898940
UTHSC 11-2175 Sputum LN898710 LN898864 LN898787 LN898941
UTHSC 12-338 Animal LN898711 LN898865 LN898788 LN898942
UTHSC 12-256 BAL LN898712 LN898866 LN898789 LN898943
UTHSC 06-2837 BAL LN898713 LN898867 LN898790 LN898944
UTHSC 08-1574 BAL LN898714 LN898868 LN898791 LN898945
A. puulaauensis UTHSC 11-1436 BAL LN898715 LN898869 LN898792 LN898946
A. sydowii (20) UTHSC 09-48 Blood LN898716 LN898870 LN898793 LN898947
UTHSC 11-204 Eye LN898717 LN898871 LN898794 LN898948
UTHSC 13-2518 Eye LN898718 LN898872 LN898795 LN898949
UTHSC 13-2630 Sinus LN898719 LN898873 LN898796 LN898950
UTHSC 06-2186 BAL LN898720 LN898874 LN898797 LN898951
UTHSC 06-2780 Bronchus LN898721 LN898875 LN898798 LN898952
UTHSC 06-4167 Sinus LN898722 LN898876 LN898799 LN898953
UTHSC 07-1018 Animal LN898723 LN898877 LN898800 LN898954
UTHSC 09-97 BAL LN898724 LN898878 LN898801 LN898955
UTHSC 12-934 BAL LN898725 LN898879 LN898802 LN898956
UTHSC 13-2674 BAL LN898726 LN898880 LN898803 LN898957
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for RPB2 gene (Liu et al. 1999). PCR products were sequenced in
both directions, using the same primers, at Macrogen Europe
(Macrogen Inc., Amsterdam, the Netherlands). Sequences
were assembled and edited using Sequencher v.4.1.4 (Gene
Codes Corporationª, Ann Arbor, MI, USA).
Molecular identification and phylogenetic analysis


























A total of 73 isolates of the most frequent Aspergillus species
identified here were tested against nine antifungal drugs fol-
lowing the microdilution broth method, according to the doc-
ument M38-A2 (Clinical and Laboratory Standards Institute
2008). The antifungal agents, obtained as pure power, were
amphotericin B (AMB) (Sigma Aldrich Quımica S.A., Madrid,























Table 1 e (continued )
Species (no. of isolates) Isolate number Origin GenBank accession number
ITS BenA CaM RPB2
UTHSC 10-1222 e LN898727 LN898881 LN898804 LN898958
UTHSC 10-3180 Sputum LN898728 LN898882 LN898805 LN898959
UTHSC 11-2683 Spine LN898729 LN898883 LN898806 LN898960
UTHSC 06-727 BAL LN898730 LN898884 LN898807 LN898961
UTHSC 08-3215 Animal LN898731 LN898885 LN898808 LN898962
UTHSC 09-1708 Lung biopsy LN898732 LN898886 LN898809 LN898963
UTHSC 12-3109 Lung biopsy LN898733 LN898887 LN898810 LN898964
UTHSC 08-865 Hip joint LN898734 LN898888 LN898811 LN898965
FMR 14440 Ear exudate LN898735 LN898889 LN898812 LN898966
A. tabacinus (4) UTHSC 03-1197 Sputum LN898736 LN898890 LN898813 LN898967
UTHSC 07-2427 BAL LN898737 LN898891 LN898814 LN898968
UTHSC 10-1677 Pleural fluid LN898738 LN898892 LN898815 LN898969
UTHSC 08-2898 BAL LN898739 LN898893 LN898816 LN898970
A. versicolor UTHSC 03-3679 BAL LN898740 LN898894 LN898817 LN898971
BAL, bronchoalveolar lavage fluid specimen; FMR, Facultat de Medicina, Universitat Rovira i Virgili, Reus, Spain; UTHSC, Fungus Testing Labo-
ratory at the University of Texas Health Science Center, San Antonio, USA.
Species diversity of Aspergillus section Versicolores in clinical samples 1461
UNIVERSITAT ROVIRA I VIRGILI 
CLINICAL AND ENVIRONMENTAL ASPERGILLUS: MORPHOLOGICAL AND MOLECULAR CHARACTERIZATION, PHYLOGENY, 
AND ANTIFUNGAL SUSCEPTIBILITY PROFIL·LE 
Joao Paulo Zen Siqueire for each gene and after the topologies proved to be congru
ent, a concatenated study was then carried out. To give sup
port to our analyses, sequences of the type strains of 1
species of the section Versicolores and of Aspergillus multicolo
(outgroup) were obtained from GenBank and added to th
analyses. For multiple sequence alignment, the ClustalW
tool was used together with the MUSCLE tool inside MEGA
v.6 software (Tamura et al. 2013), with manual adjustment
for refinement. The Maximum Likelihood (ML) phylogeneti
method was also run with MEGA v.6 software, as well a
the estimation of the best nucleotide substitution method
Support of the internal branches was assessed by the Boot
strap method with 1000 replications, where values 7
were considered significant. The Bayesian Inference (BI
method was performed using MrBayes v.3.1.2 softwar
(Ronquist & Huelsenbeck 2003). The evolutionary model
that best fit each gene were assessed by MrModelTest soft
ware (Nylander 2004). Markov chain Monte Carlo (MCMC
sampling was performed with two simultaneous runs fo
one million generations, with samples taken every 100 gener
ations. The 50 % majority rule consensus trees and posterio
probability values (pp) were calculated after removing th
first 25 % of the resulting trees for burn-in. A pp value o
0.95 was considered in the tree.
The type strain of Aspergillus griseoaurantiacus was not in
cluded in the final tree because the sequence for the RPB
gene was not available, although sequence comparison fo
the other three loci was done.Belgium), posaconazole (PSC) (Schering-Plough Res., Inst., N
EUA), voriconazole (VRC) (Pfizer S.A., Madrid, Spain), anidula
fungin (AFG) (Pfizer S.A., Madrid, Spain), caspofungin (CFG
(Merk & Co., Inc., Rahway, EUA), micafungin (MFG) (Astella
Pharma, Madrid, Spain), terbinafine (TBF), and flucytosin
(5FC) (Sigma Aldrich Quımica S.A., Madrid, Spain). The mini
mal inhibitory concentration (MIC) was defined as the lowes
drug concentration that produced 100 % inhibition of visibl
fungal growth for the AMB and the azoles (ITC, PSC, an
VRC) or 50 % and 80 % for 5FC and TBF, respectively. The min
imum effective concentration (MEC) was determined for th
echinocandins (AFG, CFG, and MFG) and was defined micro
scopically as the lowest concentration of drug that woul
lead to the growth of small, rounded, compact hyphal form
as compared with the long, unbranched hyphal clusters tha
were seen in the growth control following 48 h of incubation
The incubation temperature was set to 30 C given the growth
requirements of the most species of Versicolores (Jurjevic et a
2012; Visagie et al. 2014). Aspergillus flavus (ATCC 204304) an
Aspergillus fumigatus (ATCC MYA-3626) strains were used a
quality controls. All tests were carried out in duplicate. Result
were statistically analysed using the Prism software for Win
dows v.6.0 (GraphPad Software, San Diego, CA).
Nucleotide sequence accession numbers
Sequences newly generated in this study were deposited in
GenBank under accession numbers LN898664eLN89874
(ITS), LN898818eLN898894 (BenA), LN898741eLN898817 (CaM ),
and LN898895eLN898971 (RPB2) (Table 1).
Results
The single gene phylogenetic analyses proved that ITS, BenA,
CaM, and RPB2 were consistent for a concatenated study (see




Clinical interest in the species of Aspergillus, and particularly
of those of the section Versicolores, is increasing because of
the reported number of infections that are affecting not only
humans but other mammals too (Arabatzis et al. 2011; Zhang
et al. 2012; Huh et al. 2013; Kane et al. 2014; Negri et al. 2014;
Borsa et al. 2015; Gomes et al. 2015; Heo et al. 2015). However,
,
r
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951 bp), from which 486 were parsimony informative site
(ITS, 44; BenA, 76; CaM, 154; RPB2, 212). With only minor differ
ences observed in the value of the supports of the interna
nodes, the topologies of the trees obtained with ML and B
analyses were virtually the same. Based on that, our result
showed that the 77 isolates included in the study clustered un
ambiguously with the type strains of ten of the 20 species o
the section Versicolores (Fig 1). The majority of the strain
nested to the Aspergillus sydowii (26 %) clade, followed b
Aspergillus creber (22 %),Aspergillus amoenus (18.2 %),Aspergillu
protuberus (13 %), Aspergillus jensenii (10.4 %), Aspergillus tabac
nus (5.2 %), Aspergillus cvjetkovicii (1.3 %), Aspergillus fructu
(1.3 %),Aspergillus puulaauensis (1.3 %), andAspergillus versicolo
(1.3 %).
The six isolates from animal specimens were identified a
A. amoenus, A. protuberus, and A. sydowii, with two isolates pe
species. The two environmental isolates belonged to A. crebe
and A. cvjetkovicii.
All isolates showed the typical morphological characteris
tics described for the Versicolores section. As expected, mor
phological identification at the species level was difficult t
carry out due to the similarity of the features observed amon
the different species of this section. Macro- and micromor
phological features of the most frequent identified specie
are depicted in Fig 2.
The majority of human clinical isolates included in th
study were from bronchoalveolar lavage fluid (44.2 %), fol
lowed by sputum (11.7 %), nail (5.2 %), sinus (3.9 %), lung bi
opsy (3.9 %), pleural fluid (3.9 %), and eye (2.6 %).
Table 2 shows the antifungal susceptibility results of th
isolates tested. In general, all the drugs tested, with the ex
ception of 5FC and AMB in some cases, demonstrated poten
activity. The drugs that exhibited the best results were th
echinocandins and TBF, with MIC values ranging from 0.0
to 0.125 mg ml1. The azoles tested also showed potent activ
ity, with MICs ranging from 0.6 to 4.0 mg ml1, but with geo
metric means (GM) closer to the lowest MIC value (ITC
0.283 mg ml1; PSC, 0.343 mg ml1; VRC, 0.88 mg ml1). Th
highest MICs were those of 5FC, ranging from 1.0 to greate
than 16.0 mg ml1, especially against A. amoenus, A. creber
and A. protuberus, with GM MICs higher than 11.0 mg ml1
For AMB, more variable results were observed with MIC
values ranging from 0.5 to 16.0 mg ml1. For this drug, the low
est GM MIC values was observed against A. jensen
(0.6 mg ml1), and the highest was against A. sydow
(4.7 mg ml1).all those reports include a single isolate, or just a few, and
to date, no study has been conducted on a significant numbe
of isolates. Thus, the diversity and the relative frequency o
the species of Versicolores in the clinical setting are practicall
unknown. Here, using the molecular criteria proposed b
Samson et al. (2014), we found that, among the isolates belong
ing to that section that were received by a reference center i
the USA, themost frequent specieswasAspergillus sydowii, fol
lowed by Aspergillus creber, Aspergillus amoenus, Aspergillus pro
tuberus, and Aspergillus jensenii. Interestingly, this latte
species together with Aspergillus puulaauensis, two species re
cently proposed by Jurjevic et al. (2012), have never been iden
tified from clinical samples before. These results show
a relative frequency and high diversity of the members o
this section in this particular habitat. Although the high num
ber of isolates recovered seems to suggest that these fung
might be opportunistic pathogens, further studies are neede
to elucidate this because they might merely be contaminant
or colonizers. Although Aspergillus versicolor has always bee
considered to be of some clinical relevance, its pathogenic im
portance might be overestimated.
The poor knowledge of the distribution and the habitat o
the species of the Versicolores section are due to the difficultie
in their morphological identification. According to Jurjevi
et al. (2012), some phenotypic characteristics, such as conidia
ornamentation, presence of soluble pigments, and the abilit
to grow at 37 C can be useful for differentiating some of thes
species. Although A. amoenus and Aspergillus tabacinus hav
been described with smooth conidia (Jurjevic et al. 2012), a
the isolates in the present study identified molecularly as be
longing to those species have finely roughened to rough coni
dia (Fig 2). Only the stipe ornamentation of the conidiophore
in A. protuberus, or growth at 37 C in A. amoenus, Aspergillu
fructus,Aspergillus griseoaurantiacus,A. sydowii, andA. versicolo
were useful for differentiating them from the rest. Our study
therefore, seems to confirm that reliable identification of thes
fungi is dependent on the use ofmolecularmethods. However
in this sense, it is worth of mentioning that the analysis of IT
barcode, which is very useful for many other fungi, does no
provide enough resolution for species recognition on thi
group of aspergilli (Jurjevic et al. 2012; Samson et al. 2014
Visagie et al. 2014). Jurjevic et al. (2012) proposed a multilocu
phylogenetic scheme to infer the phylogenetic relationshi
and identification of the members of the section Versicolores
which was based on the analysis of the markers CaM, RPB2
DNA replication licensing factor, and prerRNA processing pro
tein. Samson et al. (2014) have since advocated the use of fou
different markers (ITS, BenA, CaM, and RPB2) for Aspergillu
identification in general. The combined use of these latte
Fig 1 e ML tree obtained from the combined ITS, BenA, CaM, and RPB2 sequences of the isolates. Branch lengths are pro-
portional to phylogenetic distance. Bootstrap support values/Bayesian pp scores over 70/0.95 are indicated on the nodes. The
fully supported branches (100/1) and type strains are shown in bold. - indicates strain of animal origin, C indicates the
environmental strain. UTHSC, University of Texas Health Science Center (USA); FMR, Facultat de Medicina de Reus (Spain).
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Fig 2 e Morphological features of A. amoenus (AeD), A. creber (EeH), A. jensenii (IeL), A. protuberus (MeP), and A. sydowii (QeT).
Colonies on CYA at 25 C after 7 d, front (A, E, I, M, Q), and reverse (B, F, J, N, R). Conidiophores (C, G, K, O, S) and conidia (D, H,
L, P, T). Scale bars: C, D, G, H, K, L, O, P, T [ 10 mm; S [ 20 mm.
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four genetic markers has allowed the successful identification
of all the isolates investigated here.
The prevalence of A. sydowii in clinical samples demon-
strated here has been reported previously in Czech isolates
by Hubka et al. (2012). In that study, A. sydowii was the second
most common species after Aspergillus fumigatus, with 17 of
the 178 isolates (9.6 %), and was involvedmainly in superficial
infections, affecting nails and skin, but also in ear and respira-























The data available on the antifungal susceptibility of these
fungi are very scarce and usually limited to occasional reports
and with no confirmation of the correct identification of the
species involved. In our study, the echinocandins and TBF
showed the lowest MICs, and 5FC and AMB were the least po-
tent. However, the data provided here are to some extent sim-
ilar to those previously reported (Cuenca-Estrella &
Rodriguez-Tudela 2010; Arabatzis et al. 2011; Buzina 2013).




















Table 2 e Results of in vitro antifungal susceptibility test for 73 isolates of Aspergillus section Versicolores.
Species (no. of isolates) Parameter MIC or MEC (mg ml1) for:
5FC AFG AMB CFG ITC MFG PSC TBF VRC
A. sydowii (20) GM 6.616 0.03 4.757 0.03 0.334 0.03 0.595 0.0318 1.498
MIC range 1.0e16 0.03 1.0e16.0 0.03 0.125e2.0 0.03 0.125e2.0 0.03e0.125 1.0e4.0
MIC90 8.0 0.03 8.0 0.03 0.5 0.03 2.0 0.125 4.0
A. creber (17) GM 11.81 0.03 2.378 0.03 0.31 0.03 0.354 0.033 1.091
MIC range 1.0e>16 0.03 1.0e8.0 0.03 0.125e1.0 0.03 0.125e0.5 0.03e0.125 0.5e2.0
MIC90 >16.0 0.03 8.0 0.03 0.5 0.03 0.5 0.03 2.0
A. amoenus (14) GM 16.81 0.03 1.903 0.03 0.086 0.03 0.13 0.03 0.25
MIC range 8.0e>16 0.03 1.0e4.0 0.03 0.06e0.125 0.03 0.06e0.25 0.03e0.03 0.125e0.5
MIC90 >16.0 0.03 4.0 0.03 0.125 0.03 0.25 0.03 0.5
A. protuberus (10) GM 12.13 0.03 0.707 0.03 1.072 0.03 0.466 0.03 1.149
MIC range 2.0e>16.0 0.03 0.5e1.0 0.03 0.5e4.0 0.03 0.25e0.5 0.03e0.03 1.0e2.0
MIC90 >16.0 0.03 1.0 0.03 2.0 0.03 0.5 0.03 2.0
A. jensenii (8) GM 4.416 0.03 0.609 0.03 0.112 0.03 0.136 0.03 0.609
MIC range 1.0e>16.0 0.03 0.5e1.0 0.03e0.06 0.06e0.25 0.03 0.06e0.25 0.03e0.03 0.25e1.0
A. tabacinus (4) GM 4.595 0.03 2.297 0.03 0.6 0.03 0.66 0.03 1.149
MIC range 2.0e8.0 0.03 2.0e4.0 0.03 0.25e1.0 0.03 0.5e1.0 0.03e0.03 1.0e2.0
Total (73) GM 8.844 0.03 2.132 0.03 0.283 0.03 0.343 0.031 0.88
MIC range 1.0e>16.0 0.03 0.5e16.0 0.03e0.06 0.06e4.0 0.03 0.06e2.0 0.03e0.125 0.06e2.0
MIC90 >16.0 0.03 8.0 0.03 1.0 0.03 1.0 0.03 2.0
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Joao Paulo Zen Siqueire to be an opportunistic pathogen (de Hoog et al. 2011; Sabin
et al. 2014; Nouripour-Sisakht et al. 2015). In our case,A. sydow
was identified from very different human specimens, includ
ing superficial and deep tissues (Table 1). Although we ar
not able to demonstrate the pathogenic role of the isolates in
vestigated, the high number of strains reinforces the impor
tance of A. sydowii in the clinical setting.
Aspergillus creber, A. amoenus, and A. protuberus represente
here by 17, 14, and ten of the isolates, respectively, have been
recently reported as causal agents of infections in Brazil (A
creber, Negri et al. 2014) and in Turkey (A. protuberus, Bors
et al. 2015), while A. amoenus, a species previously identified
as A. versicolor, was isolated from mammary gland in th
USA (Jurjevic et al. 2012). Other species identified in our study
although with a lower frequency, were A. tabacinus with fou
isolates and A. fructus with one isolate. The former was previ
ously isolated in Brazil from respiratory secretions (Negri et a
2014) and the latter in Portugal from a patient suspected t
have allergic bronchopulmonary aspergillosis (Sabino et a
2014).
The species Aspergillus cvjetkovicii, A. jensenii, and A. puu
laauensis, closely related toA. creber andA. sydowii, constitute
together a well-supported clade that represent the 61 % (47 o
77) of all the isolates identified. Due to the similarity amon
the species of this clade, some of them might have been mis
identified in previous studies as A. sydowii, which may hav
hampered the significance of the other species.were similar to those of the study of Heo et al. (2015), in which
six strains of this sectionwere studied and the range observe
was from 1.0 to 2.0 mg ml1. Against A. sydowii, we observe
lower potency for AMB than in previous reports, in which
the isolates may have been misidentified (Garcıa-Marto
et al. 2005; Buzina 2013; Heo et al. 2015). With respect to th
azoles, the results were more variable, depending on the spe
cies and drugs tested; the less active being VRC against A
sydowii. In general, potent activity of these drugs has been re
ported (Pfaller et al. 2002; Arabatzis et al. 2011; Buzina 2013
However, triazole resistance and elevated MIC values hav
also been reported for A. versicolor previously (Torres
Rodrıguez et al. 1998; Baddley et al. 2009; Espinel-Ingroff et a
2010).
In conclusion, the clinical relevance of the species ofAsper
gillus section Versicolores should not be overlooked, and i
seems highly likely that apart from A. sydowii other specie
of the section can also be responsible of human infections
Further studies are needed, at least in animalmodels, to prov
the pathogenic role of these species and to evaluate the mos
appropriate therapies.
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ABSTRACT A multilocus phylogenetic study was carried out to assess species iden-
tity of a set of 34 clinical isolates from Aspergillus section Circumdati from the United
States and to determine their in vitro antifungal susceptibility against eight antifun-
gal drugs. The genetic markers used were the internal transcribed spacer (ITS) re-
gion, and fragments of the beta-tubulin (BenA), calmodulin (CaM), and RNA polymer-
ase II second largest subunit (RPB2) genes. The drugs tested were amphotericin B,
itraconazole, posaconazole, voriconazole, anidulafungin, caspofungin, micafungin,
and terbinafine. The most common species sampled was A. westerdijkiae (29.4%), fol-
lowed by a novel species, which was described here as A. pseudosclerotiorum
(23.5%). Other species identified were A. sclerotiorum (17.6%), A. ochraceus (8.8%), A.
subramanianii (8.8%), and A. insulicola and A. ochraceopetaliformis, with two isolates
(5.9%) of each. The drugs that showed the most potent activity were caspofungin,
micafungin, and terbinafine, while amphotericin B showed the least activity.
KEYWORDS Aspergillus, Circumdati section, clinical isolates, molecular identification,
phenotypic identification
Section Circumdati includes aspergilli with biseriate conidial heads in shades ofyellow to ochre, with mostly globose vesicles, and sclerotia variable in shape and
color (1–3). It contains 26 species (3), with A. ochraceus being the best known and
described as an important producer of many extrolites, including the mycotoxin
ochratoxin A (3–5). This metabolite has nephrotoxic, immunosuppressive, teratogenic,
and carcinogenic properties (6, 7) and is commonly found in coffee, rice, beverages, and
other contaminated foodstuffs (3, 8). Several species in this section have been involved
in different types of infections, such as onychomycosis, caused by A. insulicola, A.
melleus, A. ochraceopetaliformis, A. persii, A. sclerotiorum, and A. westerdijkiae (9–14);
otomycosis, caused by A. sclerotiorum (15); skin infection, caused by A. westerdijkiae
(12); and pulmonary aspergillosis and osteomyelitis, caused by A. ochraceus (16, 17).
Moreover, A. ochraceus, A. sclerotiorum, and A. westerdijkiae have been repetitively
isolated from clinical specimens of immunocompromised patients, although in such
cases their pathogenic role is uncertain (18–22).
There are few data on the in vitro antifungal susceptibility of species within section
Circumdati. The azoles, especially itraconazole, appear to have good activity against A.
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ochraceus and A. sclerotiorum (18, 23). In contrast, amphotericin B shows limited activity
against species in this section (18, 23, 24), particularly against A. westerdijkiae (25).
Identification of Aspergillus species, traditionally based on morphological and phys-
iological aspects (2), has changed recently with the use of DNA sequencing and
multilocus analyses (26). Therefore, to assess the diversity of clinically relevant species
within this section, a set of isolates with features characteristic of Circumdati section
were identified molecularly. These clinical isolates were recovered between 2003 and
2015 in a U.S. reference laboratory. Moreover, the antifungal susceptibility of the most
frequent species was determined against eight antifungal drugs.
RESULTS
Single-gene analyses of sequences revealed similar topologies for all of them,
especially for the terminal branches. The internal transcribed spacer (ITS) marker was
the least informative, being unable to discriminate between closely related species.
However, the most basal clades could still be discerned in the analysis of this region,
providing useful data in the concatenated tree. A limitation of the concatenated
analysis that included all of the species in the Circumdati section was the lack of RNA
polymerase II second largest subunit (RPB2) sequences for the ex-type strains of A.
affinis, A. occultus, A. pulvericola, A. salwaensis, A. sesamicola, and A. westlandensis.
However, analyses of the other three markers, i.e., ITS, beta-tubulin (BenA), and cal-
modulin (CaM), unequivocally demonstrated that none of the strains studied here
corresponded to any of the above-mentioned species.
The final concatenated sequence alignment, with 58 strains and the 4 sequenced
markers, consisted of 2,451 bp (ITS, 482 bp; BenA, 470 bp; CaM, 481 bp; RPB2, 1,018 bp),
of which 941 sites were variable (ITS, 85; BenA, 250; CaM, 231; RPB2, 375) and 686
parsimony informative (ITS, 57; BenA, 182; CaM, 159; RPB2, 288). Topology trees inferred
by the two phylogenetic methods were basically the same, with only minor differences
in the support values of the internal nodes. The ML phylogenetic tree and the bootstrap
and posterior probability values (Fig. 1) show that 26 of the strains included in this
study clustered with the ex-type strains of six species from section Circumdati, i.e., A.
westerdijkiae (n  10; 29.4%), A. sclerotiorum (n  6; 17.6%), A. ochraceus (n  3; 8.8%),
A. subramanianii (n  3; 8.6%), A. insulicola (n  2; 5.7%), and A. ochraceopetaliformis
(n  2; 5.9%). Interestingly, a group of eight isolates (25.7%) formed a well-supported
clade together with sequences of two unidentified Aspergillus strains (NRRL 35028 and
NRRL 35056). This clade represents an undescribed species, proposed here as Aspergil-
lus pseudosclerotiorum.
The isolates examined here showed typical morphology of section Circumdati and
matched those of the respective species. We found, however, that identification to the
species level based only on phenotypic characteristics is difficult, but combining some
of the phenotypic characteristics can make this feasible (Table 1). Among the species
identified here, A. westerdijkiae and A. ochraceus were the only ones with finely
roughened conidia; these two species could be distinguished from each other by the
lack of or only slight growth at 37°C (0 to 9 mm) for A. westerdijkiae, while A. ochraceus
reached 23 to 26 mm in diameter in 7 days at the same temperature. The other species
identified here had smooth-walled conidia. In addition, A. insulicola was the only
species that did not produce sclerotia but did produce a reddish-brown soluble
pigment on Czapek yeast autolysate agar (CYA); A. subramanianii showed good growth
at 37°C (39 to 46 mm in 7 days); the colonies of A. ochraceopetaliformis had dense white
mycelial areas and poor sporulation after 7 days; and A. sclerotiorum produced yellow
(3A7) to brownish-orange (6C3) colonies, which reached 56 to 58 mm in diameter in 7
days on CYA, with white sclerotia, abundant sporulation, and profuse growth at 37°C
(32 to 36 mm). Aspergillus pseudosclerotiorum shares similar morphological features
with A. sclerotiorum but with a slightly lower growth rate at 25°C (45 to 55 diameter in
7 days) and at 37°C (22 to 38 mm), smaller metulae (3 to 9 by 2.5 to 6 m, compared
with 7 to 15 by 4 to 7 m in A. sclerotiorum), and its sclerotia become yellow to orange
yellow with age.
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In vitro susceptibility testing showed that the drugs with the most potent activity
against all of the isolates tested were caspofungin (CFG), micafungin (MFG), and
terbinafine (TBF), while amphotericin B (AMB) showed the lowest activity. The azoles
(itraconazole [ITC], posaconazole [PSC], and voriconazole [VRC]), showed good activity
FIG 1 Maximum likelihood tree obtained from analysis of combined ITS, BenA, CaM, and RPB2 data set. Branch lengths
are proportional to phylogenetic distance. Bootstrap support values/Bayesian posterior probability scores over 70/0.95
are indicated on the nodes. Fully supported branches (100/1) and ex-type strains are shown in boldface. UTHSCSA,
University of Texas Health Science Center (San Antonio, Texas, USA).
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in general, with the exception of ITC against A. sclerotiorum. Interestingly, according to
statistical analyses based on the Mann-Whitney test, the ITC MIC values showed
significant differences between A. sclerotiorum, A. ochraceus, and A. westerdijkiae (GM of
11.31 g/ml, 1.0 g/ml, and 0.46 g/ml, respectively; P  0.05); however, differences
were not significant between A. sclerotiorum and A. pseudosclerotiorum (0.89 g/ml; P 
0.06) and A. subramanianii (4.0 g/ml; P  0.43). Regarding the new species, in general
the drugs tested showed good activity against A. pseudosclerotiorum. Higher MIC values
were observed only for AMB and VRC. Results of the in vitro susceptibility test are
summarized in Table 2.
Taxonomy. Aspergillus pseudosclerotiorum J. P. Z. Siqueira, Deanna A. Sutton & Gené
sp. nov. (MycoBank accession no. MB818572) (Fig. 2). Etymology: the name refers to the
morphological similarity to A. sclerotiorum. Holotype: USA, Pennsylvania, isolated from
TABLE 1 Key morphological features of Aspergillus section Circumdati species identified in this study
Species Sclerotium Metula dimensions (m) Conidial ornamentation
CYA colony diam
(mm) in 7 days at:
25°C 37°C
A. insulicola Absent 6.5–12 by 3–5 Smooth 46–49 14–15
A. ochraceopetaliformis Present 9–18 by 3.5–6 Smooth 38–46 27–29
A. ochraceus Present 7–14 by 3–6 Finely roughened 44–49 23–26
A. pseudosclerotiorum Present 3–9 by 2.5–6 Smooth 45–55 22–38
A. sclerotiorum Present 7–15 by 4–7 Smooth 56–58 32–36
A. subramanianii Present 8.5–14 by 3.5–6.5 Smooth 52–53 39–46
A. westerdijkiae Present 8–18 by 4–7 Finely roughened 41–51 0–9
TABLE 2 Results of in vitro antifungal susceptibility test for 30 isolates of Aspergillus section Circumdati
Species (no. of isolates) and parametera
MIC or MEC (g/ml) forb:
AMB AFG CFG MFG ITC PSC VRC TBF
A. ochraceus (3)
GM 16.0 0.25 0.04 0.03 1.0 0.31 2.0 0.03
MIC range 16.0 0.12–0.5 0.03–0.06 0.03 1.0 0.25–0.5 2.0 0.03
Mode 16.0 0.5 0.03 0.03 1.0 0.25 2.0 0.03
A. subramanianii (3)
GM 16.0 0.10 0.03 0.03 4.0 0.79 4.0 0.03
MIC range 16.0–16.0 0.03–0.25 0.03 0.03 4.0 0.5–1.0 4.0 0.03
Mode 16.0 0.25 0.03 0.03 4.0 1.0 4.0 0.03
A. sclerotiorum (6)
GM 4.76 0.03 0.04 0.03 11.31 1.0 3.36 0.03
MIC range 4.0–8.0 0.03 0.03–0.06 0.03 4.0–16.0 1.0 2.0–4.0 0.03
Mode 4.0 0.03 0.03 0.03 16.0 1.0 4.0 0.03
A. pseudosclerotiorum (8)
GM 5.04 0.04 0.03 0.03 0.89 0.25 1.41 0.03
MIC range 2.0–16 0.03–0.12 0.03–0.06 0.03 0.25–16.0 0.12–0.5 1.0–2.0 0.03
Mode 4.0 0.03 0.03 0.03 0.5 0.25 2.0 0.03
A. westerdijkiae (10)
GM 16.0 0.14 0.03 0.03 0.46 0.29 1.08 0.03
MIC range 16.0 0.03–1.0 0.03–0.06 0.03–0.06 0.12–1.0 0.12–0.5 1.0–2.0 0.03
Mode 16.0 0.25 0.03 0.03 0.5 0.25 1.0 0.03
MIC90 16.0 0.5 0.06 0.06 0.5 0.5 1.0 0.03
Total (30)
GM 12.82 0.08 0.03 0.03 1.28 0.39 1.74 0.03
MIC range 2.0–16.0 0.03–1.0 0.03–0.06 0.03–0.06 0.12–16.0 0.12–1.0 1.0–4.0 0.03
Mode 16.0 0.03 0.03 0.03 0.5 0.25 1.0 0.03
MIC90 16.0 0.5 0.06 0.03 4.0 1.0 4.0 0.03
aGM, geometric mean.
bAMB, amphotericin B; AFG, anidulafungin; CFG, caspofungin; MFG, micafungin; ITC, itraconazole; PSC, posaconazole; VRC, voriconazole; TBF, terbinafine; MEC,
minimum effective concentration for AFG, CFG, and MFG.
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FIG 2 Morphological features of Aspergillus pseudosclerotiorum sp. nov. (UTHSCA DI 15-13 [a to n] and UTHSCSA DI16-383 [o]). (a, b, e, and
f) Front and reverse of colonies on CYA and MEA, respectively, after 7 days at 25°C. (c, d, g, and h) Front of colonies on DG18, OA, YES,
and CREA, respectively, after 7 days at 25°C. (i) Enlarged view of conidial heads on CYA after 7 days at 25°C. (j) Sclerotia on CYA after 14
days at 25°C. (k) Conidia. (l) Conidiophores and a sclerotium. (m) Detail of conidiophore stipe. (n and o) Details of conidial heads. Scale
bars: 10 m (k, m, n, and o) and 100 m (l).
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TABLE 3 List of Aspergillus section Circumdati species, their isolate information, sequences generated in this study, and those retrieved
from GenBankd
Species Isolate no.a Originb Yr
GenBank/EMBL accession no.c
ITS BenA CaM RPB2
A. affinis ATCC MYA-4773T GU721090 GU721092 GU721091
A. auricomus NRRL 391 T EF661411 EF661320 EF661379 EF661301
A. bridgeri NRRL 13000 T EF661404 EF661335 EF661358 EF661290
A. cretensis NRRL 35672 T FJ491572 AY819977 FJ491534 EF661311
A. elegans NRRL 4850 T EF661414 EF661349 EF661390 EF661316
A. fresenii NRRL 407 T EF661409 EF661341 EF661382 EF661296
A. insulicola NRRL 6138 T EF661430 EF661353 EF661396 EF661286
UTHSCSA DI16–374 Marine 2003 LT574681 LT574716 LT574751 LT574786
UTHSCSA DI16-402 Marine 2009 LT574682 LT574717 LT574752 LT574787
A. melleus NRRL 5103 T EF661425 EF661326 EF661391 EF661309
A. muricatus NRRL 35674 T EF661434 EF661356 EF661377 EF661314
A. neobridgeri NRRL 13078 T EF661410 EF661345 EF661359 EF661298
A. occultus CBS 137330 T KJ775443 KJ775061 KJ775239
A. ochraceopetaliformis NRRL 4752 T EF661429 EF661350 EF661388 EF661283
UTHSCSA DI16-387 BAL 2006 LT574683 LT574718 LT574753 LT574788
UTHSCSA DI16-392 Marine 2007 LT574684 LT574719 LT574754 LT574789
A. ochraceus NRRL 398 T EF661419 EF661322 EF661381 EF661302
UTHSCSA DI15-10 BAL 2012 LT574686 LT574721 LT574756 LT574791
UTHSCSA DI15-11 Heart valve 2013 LT574687 LT574722 LT574757 LT574792
UTHSCSA DI16-384 Ear 2006 LT574685 LT574720 LT574755 LT574790
A. ostianus NRRL 420 T EF661421 EF661324 EF661385 EF661304
A. pallidofulvus NRRL 4789 T EF661423 EF661328 EF661389 EF661306
A. persii NRRL 35669 T FJ491580 AY819988 FJ491559 EF661295
A. pseudoelegans CBS 112796 T FJ491590 AY819962 FJ491552 EF661282
A. pseudosclerotiorum NRRL 35028 EF661407 EF661343 EF661362 EF661293
NRRL 35056 EF661405 EF661344 EF661364 EF661294
UTHSCSA DI15-13 T Lung biopsy 2014 LT574713 LT574748 LT574783 LT574818
UTHSCSA DI15-14 BAL 2014 LT574714 LT574749 LT574784 LT574819
UTHSCSA DI15-15 Lung tissue 2015 LT574715 LT574750 LT574785 LT574820
UTHSCSA DI16-373 Sputum 2003 LT574707 LT574742 LT574777 LT574812
UTHSCSA DI16-380 BAL 2006 LT574708 LT574743 LT574778 LT574813
UTHSCSA DI16-383 BAL 2006 LT574709 LT574744 LT574779 LT574814
UTHSCSA DI16-385 Sputum 2006 LT574710 LT574745 LT574780 LT574815
UTHSCSA DI16-386 Lung mass 2006 LT574711 LT574746 LT574781 LT574816
A. pulvericola CBS 137327 T KJ775440 KJ775055 KJ775236
A. robustus NRRL 6362 T EF661176 EU014101 EF661357 EF661033
A. roseoglobulosus NRRL 4565 T FJ491583 AY819984 FJ491555 EF661299
A. salwaensis DTO 297B3 T KJ775447 KJ775056 KJ775244
A. sclerotiorum NRRL 415 T EF661400 EF661337 EF661384 EF661287
UTHSCSA DI15-12 Sputum 2014 LT574693 LT574728 LT574763 LT574798
UTHSCSA DI16-395 Sputum 2007 LT574688 LT574723 LT574758 LT574793
UTHSCSA DI16-398 BAL 2008 LT574689 LT574724 LT574759 LT574794
UTHSCSA DI16-404 Sputum 2009 LT574690 LT574725 LT574760 LT574795
UTHSCSA DI16-399 BAL 2009 LT574691 LT574726 LT574761 LT574796
UTHSCSA DI16-409 Eye 2014 LT574692 LT574727 LT574762 LT574797
A. sesamicola CBS 137324 T KJ775437 KJ775063 KJ775233
A. steynii NRRL 35675 T EF661416 EF661347 EF661378 JN121428
A. subramanianii NRRL 6161 T EF661403 EF661339 EF661397 EF661289
UTHSCSA DI16-378 Lung tissue 2005 LT574694 LT574729 LT574764 LT574799
UTHSCSA DI16-389 Wound 2006 LT574695 LT574730 LT574765 LT574800
UTHSCSA DI16-390 Foot 2006 LT574696 LT574731 LT574766 LT574801
A. tanneri NRRL 62425 T JN853798 JN896582 JN896583 JN896585
(Continued on next page)
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lung biopsy specimen (human), D. A. Sutton, 2014 (CBS H-22808; culture ex-types:
UTHSCSA DI15-13, FMR 14449, CBS 141845).
Colonies on CYA at 7 days reached 45- to 55-mm diameter at 25°C; at 30°C exhibited
optimum growth, reaching 55- to 64-mm diameter; at 37°C reached 22- to 38-mm
diameter; and at 40°C showed restricted growth. Colonies on CYA were pale yellow
(3A3) to reddish white (7A3) at the center, white toward the periphery, cottony to
floccose, and usually granulose due to the presence of abundant sclerotia, margin
fimbriate; reverse yellow (3A7) to greyish yellow (3B5); colorless exudates present in
most isolates; little soluble pigment produced, yellow (3A6), or absent. On malt extract
agar (MEA), colonies similar to CYA but with slower growth, reaching 34 to 42 mm at
7 days. On yeast extract sucrose agar (YES), colonies showed fastest growth, reaching
56 to 66 mm at 7 days, white, cottony to floccose, with abundant sclerotia; reverse
yellow (3A6) to greyish yellow (4B5), sulcate; exudates abundant, colorless to yellowish
white (3A2). On dichloran 18% glycerol agar (DG18), colonies reaching 28 to 34 mm at
7 days, with white to light orange (5A4) compact center, and white fluffy mycelium
toward periphery; reverse yellowish white (3A2) to pale yellow (3A3); sporulation
sparsely produced only with age; sclerotia absent. On oatmeal agar (OA), colonies
reaching 24 to 27 mm at 7 days, yellowish white (3A2) to greyish yellow (4B4), sandy
to dusty, with a more compact center, margin regular; reverse yellowish white (4A2) to
greyish yellow (4B6). On creatine-sucrose agar (CREA), colonies reaching 22 to 28 mm
at 7 days, white, dense at the center, sparse aerial mycelium toward the periphery; acid
production absent. Micromorphology consisting of conidiophores with biseriate and
radiating conidial heads; stipes septate with rough walls, subhyaline to pale brown, 120
to 980 m long by 2.5 to 8 m wide; vesicles mainly globose, occasionally subglobose,
7- to 31-m diameter; metulae cylindrical, 3 to 9 by 2.5 to 6 m, usually covering 100%
of vesicle, with exception of the strain UTHSCSA DI16-383, which covered 75% of
vesicle; phialides ampulliform, 4.5 to 8 by 1.25 to 3 m; conidia globose, smooth-
walled, 1.5- to 3-m diameter; sclerotia present (except in UTHSCSA DI16-380), 150- to
507-m diameter, white to light orange (5A4), becoming yellow (3A6) to orange yellow
(4A6) with age.
DISCUSSION
In this study, we identified a total of six species in the section Circumdati from
clinical samples, some of which contained a relatively large number of isolates. Al-
though their role as etiologic agents in these cases is unknown, detection of 34 isolates
TABLE 3 (Continued)
Species Isolate no.a Originb Yr
GenBank/EMBL accession no.c
ITS BenA CaM RPB2
A. westerdijkiae NRRL 3174 T EF661427 EF661329 EF661360 EF661307
UTHSCSA DI15-5 BAL 2014 LT574703 LT574738 LT574773 LT574808
UTHSCSA DI15-6 Sputum 2014 LT574704 LT574739 LT574774 LT574809
UTHSCSA DI15-7 Nail 2015 LT574705 LT574740 LT574775 LT574810
UTHSCSA DI15-8 Marine 2011 LT574706 LT574741 LT574776 LT574811
UTHSCSA DI16-376 Unknown 2004 LT574697 LT574732 LT574767 LT574802
UTHSCSA DI16-377 Unknown 2004 LT574698 LT574733 LT574768 LT574803
UTHSCSA DI16-379 BAL 2005 LT574699 LT574734 LT574769 LT574804
UTHSCSA DI16-388 Lung mass 2006 LT574700 LT574735 LT574770 LT574805
UTHSCSA DI16-391 Lung
nodule
2007 LT574701 LT574736 LT574771 LT574806
UTHSCSA DI16-393 Sputum 2007 LT574702 LT574737 LT574772 LT574807
A. westlandensis CBS 137321 T KJ775434 KJ775066 KJ775230
aATCC, American Type Culture Collection; CBS, CBS-KNAW Fungal Biodiversity Centre (Utrecht, the Netherlands); DTO, Applied and Industrial Mycology Department
Collection (Utrecht, Netherlands); NRRL, Agriculture Research Service Culture Collection (Peoria, NY); UTHSCSA, University of Texas Health Science Center (San
Antonio, TX). A superscript T indicates an ex-type strain.
bBAL, bronchoalveolar lavage fluid specimens.
cITS, internal transcribed spacer regions of the rDNA and 5.8S region; BenA, -tubulin; CaM:, calmodulin; RPB2, partial RNA polymerase II, second largest subunit.
dSequences generated in this study are in boldface.
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of this section over a period of 12 years in a single reference center, together with some
reports on infections produced by members of this section in the same period (15, 17,
18, 22, 27), highlights the importance of these fungi in the clinical setting. The degree
of morphological similarity among the species of the Circumdati section, as with other
groups of Aspergillus, requires DNA sequencing analysis for a definitive identification.
As was mentioned above, the most common Aspergillus species in the set of isolates
studied here was A. westerdijkiae, a species described in 2004 and known to produce
ochratoxin (28). It is noteworthy that the A. ochraceus strain from which ochratoxin A
was discovered was later reidentified as A. westerdijkiae. This means that some isolates
reported as A. ochraceus, especially the ones identified before 2004, in fact may be A.
westerdijkiae (29). Growth rates at 37°C can be a useful feature to differentiate between
these species without sequencing (3). Aspergillus westerdijkiae is commonly found in
environmental samples (30) and as a food (31) and indoor contaminant (31–35). In the
clinical setting, A. westerdijkiae has been linked to superficial infections (12) and isolated
from sputum of immunocompromised patients in Tunisia (19). In our case, this species
was mainly identified from respiratory specimens but also from a nail and in a sample
from a marine animal (Table 3).
It is worth noting that the second most frequently identified species in the present
study was a novel one, A. pseudosclerotiorum. This species is closely related to A.
bridgeri, A. persii, A. salwaensis, A. sclerotiorum, and A. subramanianii. While these species
could not be discriminated from each other using the ITS-based fungal barcode, A.
pseudosclerotiorum was noted to have unique sequences for the other three markers
(BenA, CaM, and RPB2). Phenotypically, A. pseudosclerotiorum generally can be distin-
guished from the above-mentioned aspergilli by its growth rate on different media and
temperatures, colony pigmentation, and degree of sporulation, as well as sclerotia and
conidiophore features. Aspergillus bridgeri produces brown colonies (3, 36). A. persii
grows faster on OA (35- to 38-mm diameter in 7 days) and DG18 (45- to 50-mm
diameter in 7 days) (3). Aspergillus salwaensis produces a characteristic yellowish-orange
soluble pigment and usually has conidiophores with vesicles flattened at the apex (3).
Aspergillus subramanianii grows faster on CYA at 37°C (39- to 46-mm diameter in 7
days). Aspergillus sclerotiorum grows faster on CYA at 25°C (54- to 57-mm diameter in
7 days), and at 37°C (32- to 36-mm diameter at 37°C) it shows a higher level of
sporulation and its sclerotia are white to cream colored. However, one of the eight
isolates of A. pseudosclerotiorum (UTHSCSA DI16-380), which showed 99.6% similarity
with the other isolates, produced atypical colonies (i.e., brownish and profusely spo-
rulated). The size of metulae is also a diagnostic feature for A. pseudosclerotiorum,
because they are smaller (3 to 9 by 2.5 to 6 m) than those of the related species (6.5
to 10 by 3.5 to 5.5 m in A. bridgeri, 9 to 17.5 by 4 to 7.5 m in A. persii, 8 to 21 by 3.5
to 6 m in A. salwaensis, 8 to 16 by 4.5 to 7 m in A. sclerotiorum, and 9 to 14 by 4 to
6.5 m in A. subramanianii) (3). Although all isolates of A. pseudosclerotiorum were from
the human respiratory tract (i.e., BAL fluid samples, sputum, and lung tissue), further
studies are needed to determine the pathogenic role of this new fungus.
The third most common species sampled was A. sclerotiorum, which has been
reported to cause superficial infections, such as onychomycosis and otomycosis (10, 14,
15). Here, most of the isolates were also from the human respiratory tract. Aspergillus
sclerotiorum is found worldwide, commonly isolated from soil, and reported as a species
of biotechnological importance due to its ability to produce a wide range of com-
pounds (37–39).
The best-known species in the section, A. ochraceus, was poorly represented in this
study (8.8%). In contrast, it is commonly found on coffee, rice, dried fruits, and nuts (8,
40, 41) and is capable of producing different metabolites (42–44). It was reported
previously in pulmonary infections based on morphological identifications (16, 20).
More recently, it has been identified in a case of osteomyelitis (17) and has also been
isolated from immunocompromised patients (18, 19). Carpagnano et al. often found A.
ochraceus in exhaled breath condensate of lung cancer patients (27). In other mammals,
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it was associated with a case of otomycosis in a dog (45). Here, the three isolates were
from different clinical origins (i.e., BAL fluid, ear, and heart valve).
Of the three other species identified, A. insulicola and A. ochraceopetaliformis have
been reported from cases of onychomycoses (9, 12), while A. subramanianii was
recovered for the first time from clinical specimens. Concerning the latter species, it is
noteworthy that two isolates (UTHSCSA DI16-378 and UTHSCSA DI16-389) formed a
clade slightly separate from the other A. subramanianii isolates (Fig. 1); however, the
genetic identity (99.3%) with the ex-type strain and phenotypic similarity confirm their
identification as A. subramanianii. This species could be considered a potential agent of
human infections because of its ability to grow at 37°C and the deep-tissue origin of the
isolates (lung tissue and wound).
Data available on the in vitro susceptibility of section Circumdati aspergilli against
antifungal drugs are limited to a few reports with a small number of isolates tested.
Here, the three echinocandins and TBF exhibited potent activity against the fungi
tested. Similar results were obtained in our previous study on Aspergillus section
Versicolores (46). TBF also has been reported to be highly effective in vitro against
clinically relevant Aspergillus species, such as A. flavus, A. niger, A. nidulans, or A. terreus,
and even against numerous isolates of A. fumigatus sensu stricto (47–49). To our
knowledge, however, there is no previous information available on the activity of TBF
against section Circumdati species. Results observed for echinocandins, especially MFG
and anidulafungin (AFG), could be expected since, in general, they have been reported
to be effective in vitro on Aspergillus species (50, 51). With respect to Circumdati
aspergilli, Arabatzis et al. (18) tested three echinocandins against two isolates of A.
ochraceus and one of A. sclerotiorum and reported high MICs only for CFG. In contrast,
Gheith et al. (21) tested CFG against one isolate of A. ochraceus and one of A.
westerdijkiae and reported low MICs, which is similar to our findings. AMB showed the
least activity against the isolates tested, especially for A. ochraceus, A. subramanianii,
and A. westerdijkiae. High AMB MICs were also observed for species in section Circum-
dati (i.e., A. melleus, A. ochraceous, and A. pallidofulvus), recently identified from human
clinical specimens in India, in contrast to the results obtained in the same study for
most isolates of A. fumigatus, A. flavus, and A. terreus, which were susceptible to
antifungals tested there (51). PSC was the azole with the most potent activity against
the strains tested, which agrees with Alastruey-Izquierdo et al. (25), Gheith et al. (21),
and Masih et al. (51); however, the study of Arabatzis et al. (18) showed higher MICs for
PSC. Recently, Babamahmoodi et al. (17) reported a case of osteomyelitis by A.
ochraceus, for which the strain showed azole MICs (PSC, 0.032 g/ml; VRC and ITC, 1.0
g/ml) similar to ours (Table 2), and the patient improved after 4 months of treatment
with VRC.
In conclusion, taxonomic studies are very important to assess the distribution of fungal
species and their identity in clinical settings. In our study of clinical isolates within section
Circumdati from a reference collection in the United States, we not only identified A.
subramanianii as being associated with human specimens for the first time but also
described a new taxon, A. pseudosclerotiorum, as one of the most frequent species of the
section in this set of isolates. However, data from more isolates are needed to determine
more reliable MICs of the different antifungal drugs against the species of this section and
to determine the pathogenic role of these fungi in human and animal infections.
MATERIALS AND METHODS
Fungal isolates. A total of 34 Aspergillus isolates received from the Fungus Testing Laboratory at the
University of Texas Health Science Center (San Antonio, TX, USA) were investigated. Based on morpho-
logical features, the isolates were identified as belonging to section Circumdati. Most isolates studied
were from human clinical specimens, mainly from the respiratory tract (n  22; 64.7%), although other
human clinical sources were noted as well (n  8; 23.5%). In addition, four isolates were from marine
animals (Table 3).
Morphological characterization. The isolates were characterized morphologically by following the
criteria recommended by Samson et al. (1). Briefly, colony morphology and growth rates were deter-
mined after 7 days of incubation on CYA (Becton, Dickinson and Company, Sparks, MD, USA) at 25°C and
37°C and on MEA (Pronadisa, Madrid, Spain) at 25°C. After 10 to 14 days of incubation, microscopic
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structures were examined and measured from MEA cultures in wet mounts with 60% lactic acid and a
drop of 70% ethanol to wash out the excess conidia. A minimum of 20 of each structure was measured
in order to cover all of the size ranges. Photographs were made using a Zeiss Axio Imager M1 light
microscope (Zeiss, Oberkochen, Germany) with a mounted DeltaPix Infinity X digital camera using
Nomarski differential interference contrast and phase-contrast optics.
DNA extraction, amplification, and sequencing. Total genomic DNA was extracted from MEA
cultures after 7 days of incubation at 25°C using the FastDNA kit and the FastPrep instrument (MP
Biomedicals, Irvine, CA, USA) according to the manufacturer’s specifications. Four genetic markers were
amplified, i.e., the ITS region of the rRNA, which comprises ITS1, the 5.8S gene, and ITS2 regions, and
fragments of the BenA, CaM, and RPB2 genes (1, 26). The primers used were ITS5 and ITS4 for the ITS
region (52), Bt2a and Bt2b for BenA (53), Cmd5 and Cmd6 for CaM (54), and 5F and 7CR for RPB2 (55).
PCR products were sequenced in both directions, using the same primers, at Macrogen Europe (Mac-
rogen Inc., Amsterdam, Netherlands). Sequences were assembled and edited using SeqMan v.7.0.0
(DNASTAR, Madison, WI, USA).
Molecular identification and phylogenetic analysis. Phylogenetic analyses were first performed
individually for each gene. Since the topologies proved to be congruent with the incongruence length
difference test (56), a concatenated analysis was performed. Sequences of the ex-type strains of all the
species in section Circumdati were obtained from GenBank and added to the analyses. Aspergillus tanneri
(section Tanneri) and A. robustus (section Robusti) were used as outgroups. In addition, GenBank
sequences of two strains identified only as Aspergillus spp. (NRRL 35028 and NRRL 35026) were also
added to the analyses because they formed a distinct lineage in section Circumdati (26). For multiple-
sequence alignment, ClustalW was used together with MUSCLE in MEGA v.6 (57), followed by manual
adjustments. The maximum likelihood (ML) analysis was conducted with MEGA v.6, as well as to estimate
the best nucleotide substitution model. Support of the internal branches was assessed by the bootstrap
method with 1,000 replications, where values of 70 were considered significant. Bayesian inference (BI)
was performed using MrBayes v.3.1.2 (58). The evolutionary model that best fit each gene was assessed
by MrModelTest (59). Markov chain Monte Carlo (MCMC) sampling was performed with two simultaneous
runs for 1 million generations, with samples taken every 100 generations. The 50% majority rule
consensus trees and posterior probability (pp) values were calculated after removing the first 25% of the
resulting trees for burn-in. A pp value of 0.95 was considered significant.
Antifungal susceptibility testing. Isolates of the most frequent Aspergillus species identified here
were tested against eight antifungal drugs using the methods in the CLSI M38-A2 reference standard
(60). The antifungal agents, obtained as pure powders, were AMB (Sigma-Aldrich Quimica S.A., Madrid,
Spain), ITC (Jansen Pharmaceuticals, Beerse, Belgium), PSC (Schering-Plough Research Institut, NJ, USA),
VRC (Pfizer S.A., Madrid, Spain), AFG (Pfizer S.A., Madrid, Spain), CFG (Merk & Co., Inc., Rahway, USA), MFG
(Astellas Pharma, Madrid, Spain), and TBF. The MIC was defined as the lowest drug concentration that
produced 100% inhibition of visible fungal growth for AMB and the azoles (ITC, PSC, and VRC) and 80%
for TBF. The minimum effective concentration (MEC) was determined for the echinocandins (AFG, CFG,
and MFG) and was defined microscopically as the lowest concentration of drug that permitted growth
of small, rounded, compact hyphal forms, as opposed to the long, unbranched hyphal clusters that were
seen in the growth control. The quality control strain Candida krusei ATCC 6258 was used in each test,
and the MIC values were according to CLSI guideline ranges. All tests were carried out in duplicate, on
different days, to assess reproducibility. Statistical analyses were performed using Prism software for
Windows v.6.0 (GraphPad Software, San Diego, CA).
Accession number(s). Newly generated sequences from this study were deposited in GenBank/
EMBL databases under the accession numbers listed in Table 3 and in MycoBank under accession number
MB818572.
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Abstract 
The diversity of Aspergillus species in clinical samples is continuously increasing. 
Species under the former name Eurotium, currently accommodated in 
section Aspergillus of the genus, are xerophilic fungi widely found in the human 
environment and able to grow on substrates with low water activity. However, their 
prevalence in the clinical setting is poorly known. We have studied the presence of 
these species in a set of clinical samples from the USA using a multilocus sequence 
analysis based on the internal transcribed spacer (ITS) region of the rRNA, and 
fragments of the genes β-tubulin (BenA), calmodulin (CaM), and polymerase II second 
largest subunit (RPB2). A total of 25 isolates were studied and identified as follows: A. 
montevidensis (44%), A. chevalieri (36%), A. pseudoglaucus (8%), and A. 
costiformis (4%). A new species Aspergillus microperforatus is also proposed, which 
represented 8% of the isolates studied and is characterized by uniseriate conidial 
heads, subglobose to pyriform vesicles, rough conidia, globose to subglose 
cleistothecia, and lenticular and smooth ascospores. The in vitro antifungal activity of 8 
clinically available antifungals was also determined against these isolates, with the 
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Introduction 
The number of species of Aspergillus involved in human infections is continuously 
increasing, and most of these species have nowadays been identified using modern 
molecular techniques. Until recently, the dual nomenclature system permitted different 
names for the sexual and asexual forms of Aspergillus. One such example is the 
genus Eurotium, the name for the sexual state for species in the former Aspergillus 
glaucus group
1
. However, following the recent changes in fungal nomenclature
2,3
 and 
based on phylogenetic studies
4,5
, all generic names for sexual states of Aspergillus are 
now included under the name Aspergillus, and former species of Eurotium now 
comprise the aspergilli in the section Aspergillus
4
. A new approach to phylogenetic 
study supports the current wide range of Aspergillus
5
, with A. glaucus (= E. 
herbariorum) being the type species of the genus. 
Species in the section Aspergillus are usually osmophilic, with optimum growth on 
substrates with high sugar or salt concentrations. Commonly the asexual morph has 
smooth conidiophores, with uniseriate, radiate to somewhat columnar conidial heads, 
and ellipsoidal to globose echinulate conidia
1,6
. The sexual morph is usually 
characterized by globose to subglobose, thin-walled cleistothecia, eight-spored asci, and 
lenticular, smooth to rough-walled ascospores, generally showing an equatorial line or 
furrow
1,7
. These species are found worldwide, and often on organic materials, dust, and 
stored cereals and other food products
1,7
. Although these aspergilli are of minimal 
clinical importance, some, such as A. glaucus, has been reported in orofacial
8
 and brain 
infections
9
. In addition, A. montevidensis has been involved in cases of otitis, 
mycetoma, cerebral abscess, keratitis, and pulmonary infections
10
 and A. glaucus and A. 
montevidensis can also cause hypersensitive pneumonitis
11,12
. Aspergillus 





, respectively. Hubka et al.
15
 recovered five species of 
section Aspergillus among isolates from probable cases of superficial infections (e.g., 
skin and nails), including A. montevidensis, A. costiformis, A. pseudoglaucus, A. 
proliferans, and A. ruber in Czech Republic. The antifungal susceptibility patterns of 
members of section Aspergillus are largely unknown
16
, with little published data. Masih 
et al.
17
 demonstrated potent activity of posaconazole, anidulafungin, and micafungin 
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against 3 strains of A. montevidensis (GM MICs of 0.04 µg/mL, 0.015 µg/mL, and 
0.015 µg/mL, respectively) and one of A. chevalieri (MICs of 0.015 µg/mL, 0.03 
µg/mL, and 0.015 µg/mL, respectively). García-Martos et al.
18
 alsodemonstrated low 
MIC values for amphotericin B, itraconazole, and voriconazole against 3 strains of A. 
glaucus (MIC ranges of 0.125–0.5 µg/mL, 0.25–0.5 µg/mL, and 0.125–0.25 µg/mL, 
respectively) and 2 strains of A. chevalieri (MIC ranges of 0.125–0.5 µg/mL, 0.125–
0.25 µg/mL, and 0.125–0.25 µg/mL, respectively). Wildfeuer et al.
19
 tested 8strains 
of A. glaucus against 4 drugs and observed that itraconazole exhibited the most potent 
activity (GM MIC of 0.39 µg/mL). 
In order to assess the diversity of species from Aspergillus section Aspergillus in the 
clinical setting and to observe their response to antifungal drugs, the aim of this study 
was to identify to the species level a set of clinical isolates from the USA using a 
multilocus phylogenetic study, and to determine the susceptibility pattern of 8 clinically 
available antifungals against these species. 
 
Materials and Methods 
Fungal isolates 
A total of 25 isolates of section Aspergillus were investigated in this study. Most of 
them were from human clinical samples, primarily from the respiratory tract (BAL, 
sputum, and sinus), but also in fewer numbers from corneas, nails, stool, and lymph 
nodes. One of them was of environmental origin and the origin of four were unknown 
(Table 1). These isolates were received at the Fungus Testing Laboratory of the 
University of Texas Health Science Center (San Antonio, TX, USA) from different 
institutions across the USA over a period of 11 years (2004-2015), for identification 
and/or antifungal susceptibility testing. 
Morphological characterization 
The morphology of the fungi was characterized by the traditional criteria
4,20
. Briefly, 
this is determined after 7 days of incubation on Czapek Yeast Autolysate agar (CYA, 
Becton, Dickinson and Company
®
, Sparks MD, USA), CYA supplemented with 20% 
sucrose (CY20S), and Malt Extract agar (MEA, Pronadisa
®
, Madrid, Spain) at 25 ºC; 
and CY20S and Harrold’s Agar containing 60% sucrose
1
 (M60Y) at 37 ºC. Colors 
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match Kornerup & Wanscher
21
. Microscopic features were examined and measured on 
MEA and CY20S cultures, after 10–14 days of incubation, on wet mounts with 60% 
lactic acid and a drop of ethanol 70% to wash out the excess conidia. Photomicrographs 
were taken with a DeltaPix Infinity X digital camera mounted on a Zeiss Axio Imager 
M1 light microscope (Zeiss, Oberkochen, Germany), using a Nomarski differential 
interference contrast and phase contrast optics. Scanning electron microscope (SEM) 
photographs were taken with a Jeol JSM- 6400 using techniques described previously
22
. 
DNA extraction, amplification, and sequencing 
Total genomic DNA was extracted from MEA cultures after 7 days of incubation at 25 
ºC, using the FastDNA® Kit and the FastPrep® Instrument (MP Biomedicals, Irvine 
CA, USA), according to the manufacturer’s specifications. After extraction, four 
different genetic regions were amplified for each strain
20,23
; i.e., the internal transcribed 
spacer (ITS) region of the rRNA, comprising ITS1, 5.8S gene, and ITS2 regions, using 
ITS5 and ITS4 primers
24
; a portion of β-tubulin gene (BenA), using Bt2a and Bt2b 
primers
25
; a portion of calmodulin gene (CaM), using Cmd5 and Cmd6 primers
26
; and a 
portion of RNA polymerase II second largest subunit gene (RPB2), using 5F and 7CR 
primers
27
. PCR products were sequenced in both directions, using the same primers, at 
Macrogen Europe (Macrogen Inc., Amsterdam, the Netherlands). Sequences were 
assembled andedited using SeqMan v.7.0.0 (DNASTAR, Madison, WI, USA). 
Molecular identification and phylogenetic analysis 
The phylogeny was analyzed first individually for each partition and then in a 
concatenated study, once the topologies proved to be congruent. To give support to our 
analyses, sequences of the ex-type strains of all species of the 
section Aspergillus obtained from GenBank were also included, and A. 
halophilicus (section Restricti) was used as the outgroup. To increase the robustness of 
the A. pseudoglaucus clade, sequences of 15 other strains of this species were 
additionally retrieved from GenBank and included in the analyses. A multiple sequence 
alignment was performed using ClustalW inside MEGA v.6 software
28
. When 
necessary, the MUSCLE tool and manual adjustments were used to refine the 
alignment. Maximum Likelihood (ML) was conducted with MEGA v.6 software, as 
well as the estimation of the best nucleotide substitution method. Support values of the 
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internal branches were assessed using the Bootstrap method with 1,000 replications 
(values equal or higher than 70% were considered significant). Bayesian Inference (BI) 
was performed using MrBayes v.3.1.2 software
29
. The evolutionary models that best fit 
each partition were assessed by MrModel Test software
30
. Markov chain Monte Carlo 
(MCMC) sampling was performed with two simultaneous runs for 1 million 
generations, with samples taken every 100 generations. The 50% majority rule 
consensus trees and posterior probability values (pp) were calculated after removing the 
first 25% of the resulting trees for burn-in. Values of 0.95 or higher were considered 
significant. 
Antifungal susceptibility testing 
The isolates were tested against eight antifungals, following the microdilution broth 
method
31
. The antifungal agents tested were: amphotericin B (AMB) (Sigma Aldrich 
Quimica S.A., Madrid, Spain), itraconazole (ITC) (Jansen Pharmaceuticals, Beerse, 
Belgium), posaconazole (PSC) (Schering-Plough Res., Inst., NJ, USA), voriconazole 
(VRC) (Pfizer S.A., Madrid, Spain), anidulafungin (AFG) (Pfizer S.A., Madrid, Spain), 
caspofungin (CFG) (Merk & Co., Inc.,Rahway, USA), micafungin (MFG) (Astellas 
Pharma, Madrid, Spain), and terbinafine (TBF) (Sigma Aldrich Química S.A., Madrid, 
Spain). Readings were taken after 72 h to allow the strains to grow properly. Strains 
of A. pseudoglaucus (UTHSCSA DI15-17 and UTHSCSA DI16-410) and A. 
microperforatus (UTHSCSA DI16-400 and UTHSCSA DI16-407) were incubated at 30 
ºC, while the others were incubated at 35 ºC to fit the growth requirements of the 
isolates under the CLSI protocol. Minimal inhibitory concentration (MIC) was defined 
as the lowest drug concentration that produced 100% inhibition of visible fungal growth 
for the AMB and azoles (ITC, PSC and VRC) and 80% for TBF. For echinocandins 
(AFG, CFG, and MFG), the minimum effective concentrations (MEC) were 
determined microscopically as the lowest concentration of drug that allowed the growth 
of small, rounded, compact hyphal forms, as opposed to the long, unbranched hyphal 
clusters that are seen in the growth control. Candida krusei ATCC 6258 was used as the 
quality control strain in each test and the MIC values were within the acceptable MIC 
range per the CLSI standard. All tests were carried out in duplicate, on different 
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days, for reproducibility. Statistical analyses of the results were performed using the 
Prism software for Windows v.6.0 (GraphPad Software, San Diego, CA). 
Nucleotide sequence accession numbers and alignments 
Newly-generated sequences from this study have been deposited in GenBank/EMBL 
databases under the accession numbers listed on Table 1. The alignments were 
deposited in TreeBASE (submission number S20583). 
  
Results 
In the present study, as expected, the ITS region was the least informative marker, being 
unable to discriminate some of the species includedin the analysis (Figure S1 in 
supplemental material). Two main clades were defined using this genetic marker, one 
grouping the species A. chevalieri, A. intermedius, A. montevidensis, A. cristatus, and A. 
costiformis, and the second one grouping the species A. pseudoglaucus, A. glaucus, A. 
neocarnoyi, A. niveoglaucus, A. brunneus, A. proliferans, A. ruber, A. 
appendiculatus, A. cibarius, A. tonophilus, and A. sloanii. The other markers 
(BenA, CaM, and RPB2) were more informative, with better delineation in well-
supported monophyletic groups (Figures S2–S4 in supplemental material). The single 
phylogenetic analysis corresponding to the different genes showed very similar tree 
topologies, and a concatenated study was performed. The final concatenated sequence 
alignment consisted of 2,653 bases (ITS, 641; BenA, 433; CaM, 596; RPB2, 983), of 
which 794 were variable sites (ITS, 105; BenA, 176; CaM, 255; RPB2, 258) and 461 
parsimony informative (ITS, 31; BenA, 104; CaM, 160; RPB2, 166). The ML tree 
(Figure 1) shows significant support values for both phylogenetic methods 
(bootstrap/posterior probabilities). 
The clinical isolates grouped together with the following species: A. montevidensis (11 
isolates, 44%), A. chevalieri (9 isolates, 36%), and A. pseudoglaucus (2 isolates, 8%). 
The environmental isolate was identified as A. costiformis (4%). The isolates 
UTHSCSA DI16-400 (= CBS 142377) and UTHSCSA DI16-407 (= CBS 
142376), from toenail andlymph node samples, respectively, and sequences of two 
environmental isolates (CCF 5387 and CCF 5388) retrieved from GenBank, formed a 
full-supported clade close to the A. pseudoglaucus clade, which represents an 
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undescribed phylogenetic lineage for the section Aspergillus. Therefore, we propose the 
new species A. microperforatus. 
The morphology of the isolates shows the expected phenotypic characters that agree 
with the previous species descriptions
1,4,32–34
. Aspergillus montevidensis exhibits rough 
ascospores, with irregular crests; A. chevalieri shows smooth ascospores, with 
prominent crests; A. costiformis is the only species with smooth conidia; and A. 
pseudoglaucus and A. microperforatus demonstrated smooth ascospores, with no crests, 
and rough conidia. In fact, these last two species have a similar morphology, being 
differentiated by the slow growth and restricted sporulation of the novel species on 
CYA at 25 ºC and on M60Y at 37 ºC and the absence of soluble pigment in any of the 
culture media tested. Aspergillus pseudoglaucus isolates identified here grew and 
sporulated well on both media and temperatures, and produced a brownish soluble 
pigment on CYA at 25 ºC in 14 days of incubation. Table 2 shows the key phenotypic 
features of the species of Aspergillus section Aspergillus already reported in clinic, 
including those recovered in this study. 
In general, all isolates were inhibited by each of the antifungal drugs tested, with overall 
geometric mean (GM) values lower than 1.0 µg/ml. The most potent activity was 
observed with the echinocandins (GM of 0.03 µg/ml), while VRC had the highest MIC 
values (GM of 1.0 µg/ml for A. pseudoglaucus, and 0.77 µg/ml for A. montevidensis, 
with individual values up to 2.0 µg/ml). The results of the in vitro susceptibility test are 
summarized in Table 3. 
 
Taxonomy 
Aspergillus microperforatus J.P.Z. Siqueira, Deanna A. Sutton & Gené sp. nov. 
(MycoBank MB 820080, Fig. 2). 
Colonies on CYA 8–15 mm diam in 7 days at 25 ºC, floccose, yellowish white (3A2) at 
the center, white towards the periphery, sporulation scarce, margin entire; reverse pale 
(2A2) to olive (3A3); exudate and soluble pigment absent. On CY20S, colonies 30–45 
mm diam in 7 days at 25 ºC, granulose due to the presence of ascomata, sporulation 
abundant, conidial masse greyish green (25E5); reverse brownish orange (7C5) to olive 
(3A6) at the centre, pale yellow (2A3) to yellow (2A6) towards the periphery; exudate 
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and soluble pigment absent. On MEA, colonies 11 mm diam in 7days at 25 ºC; 
sporulation absent in UTHSCSA DI16–407, abundant in UTHSCSA DI16–400, with 
conidial masse brown (5A5), margin entire; reverse pale (2A2) to brownish orange 
(5C3); exudate and soluble pigment absent. On YES, colonies 33–40 mm in 7 days at 
25 ºC, velutinous to downy, slightly granulose at the centre due to the presence of 
ascomata, sporulation abundant, with conidial masse dark green (27F5), margin entire; 
reverse pale yellow (4A3) to light yellow (4A4). On DG18, colonies 30–45 mm in 7 
days at 25 ºC, fuzzy, white to light orange (5A5), sporulation abundant, conidial mass 
honey yellow (4D6); reverse light yellow (1A4) to yellow (3A7). On CREA, colonies 
up to 5 mm in 7 days at 25 ºC, acid production absent. No growth on OA at 25 ºC, or on 
CY20S at 37 ºC. Conidiophores up to 550 µm long, with uniseriate and radiating 
conidial heads; stipes occasionally septate, 260–500 x 6.5–9.5 µm, hyaline to 
subhyaline, smooth to finely roughened; vesicles subglobose to pyriform, 24–36 µm 
diam; phialides variable in shape and size, ampulliform to cylindrical, 7–18 (30) x 2–5 
µm; conidia globose to elongate, sometimes pyriform, 6–9.5(–11) x 4.5–9 µm, in shades 
of brown, rough. Cleistothecia globose to subglobose, 90–130 µm diam, light yellow 
(2A5) to deep yellow (4A8); asci globose, 10–14 µm in diam; ascospores lenticular, 4–
5.5 x 2.5–4.5 µm, hyaline, with a slight furrow in the equatorial region, convex surface 
smooth with very small pits only visible under SEM. 
Etymology: Referring to the presence of small pits in the ascospore wall under SEM. 
Type: USA, Texas, isolated from human lymph node, D.A. Sutton, 2011 (CBS H-
22998 holotype; cultures ex-type: UTHSCSA DI16-407, CBS 142376, FMR 14071). 
 
Discussion 
Although the diversity of Aspergillus section Aspergillus species is well known in 
osmophilic substrates, house dust, indoor air or stored products, in the clinical setting it 
is poorly documented. As previously noted, the taxonomy and nomenclature of the 
species of section Aspergillus has recently changed. In addition to that, recent advances 
in molecular tools have allowed for the description of new cryptic species that are 
almost impossible to differentiate using classical morphological tools
35
. Clinically, 
identification of Aspergillus isolates at the species level may be important given that 
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susceptibilities to antifungal drugs vary for different species and that species identity 
can influence the choice of appropriate antifungal therapy
36
. In the present study, a total 
of 25 isolates of section Aspergillus were used, most of them being recovered from 
human respiratory specimens, although further studies are needed to elucidate the role 
of these fungi as pathogens. Five different species of the section have been identified 
here, including a novel one (i.e., A. chevalieri, A. costiformis, A. microperforatus, A. 
montevidensis and A. pseudoglaucus). To facilitate comparison, their key morphological 
features are presented in Table 2. 
Aspergillus montevidensis was the most prevalent (44%). Clinically, this species may be 
the most relevant pathogen of this group because it has been isolated from different 
bodies sites, from superficial to deep tissue infections
10,15,37
. It was first reported and 
described from a case of human otomycosis
38
. This species currently includes strains 
that were formerly accepted as different but now considered conspecific. Aspergillus 
hollandicus (incorrectly associated to the sexual state Eurotium amstelodami), A. 
heterocaryoticus, and A. vitis are all synonyms of A. montevidensis and these names 
should no longer be used
4
. The nine isolates of A. montevidensis in the present 
study,with the exception of two of unknown origins, were from respiratory specimens 
(i.e. sputum, sinuses, and lung biopsies). 
The second most prevalent species in the present study is A. chevalieri (36%), known 
until recently by its teleomorph name, Eurotium chevalieri. This species has been 
reported from a case of cutaneous aspergillosis
13
 and more recently was the cause of 
fatal cerebral aspergillosis acquired by traumatic inoculation
17
. It is worth noting that A. 
chevalieri and A. montevidensis represent 80% of the isolates included in this study, in 
fact they are also some of the most commonly species found in indoor environments
4
. 
These two species, and the others reported here, were able to grow well at 37 ºC in vitro 
(Table 2), the basic pathogenic feature that enables them to invade deep tissue
39
. 
The isolate of A. costiformis identified in this study is the third known strain of this 
species since its description. It was originally recovered from a moldy paper-box in 
China
34
. The second strain was isolated from a human nail in the Czech Republic
15
, and 
the present study has recovered a third strain from hospital environment. The difficulty 
in the phenotypic characterization of this species might explain why it is rarely reported. 
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The key characteristic that identifies A. costiformis is the presence of smooth conidia 
(Table 2) and the asexual morph is not usually formed in standard culture conditions. To 
overcomethis problem, the production of conidial heads can be induced on M60Y at 37 
ºC, as previously reported
4
. 
The remaining isolates included in this study were genetically and morphologically 
similarbut they could be distinguished as two different species (each representing 8% of 
the isolates). Firstly, isolates UTHSCSA DI15-17 and UTHSCSA DI16-410 were 
identified as A. pseudoglaucus, a species described by Blochwitz in 1929
33
. This species 
was more recently delineated phylogenetically by Hubka et al.
4
 in whose study other 







, and A. reptans/E. repens
40
. The 
phylogenetic tree constructed in the present study includes sequences of the ex-type 
strains of synonymous species and of numerous reference strains, giving more support 
to the A. pseudoglaucus clade. Our analysis shows that the genetic similarity among all 
those strains is 99.9% or higher in the concatenated alignment, in agreement with the 
proposal mentioned above. Aspergillus pseudoglaucus iscommonly found in stored 
products
7
and produces metabolites that are potentially toxic
42
. There are few clinical 
reports involving A. pseudoglacus; it has been reported from a mixed infection in a case 
of maxillary sinusitis
14
 and occasionally recovered from human skin and nails
15
, 
although its pathogenicity has not been confirmed. The two isolates of A. 
pseudoglaucus identified in the present study were from nasal and stool samples. 
Secondly, the isolates UTHSCSA DI16-400 and UTHSCSA DI16-407, recovered from 
toenail and lymph node, respectively, and sequences of two isolates retrieved from 
GenBank group in a clade close to A. pseudoglaucus. Although these latter isolates were 
labelled as A. pseudoglaucus, both phylogenetic methods (ML and BI) and the three 
most informative markers (BenA, CaM, and RPB2) all show that they represent together 
with our isolates investigated a distinct lineage in the section
4
. Thus, they have been 
proposed as the novel species A. microperforatus. The possible role of this species in 
the clinical disease is yet unknown. Although section Aspergillus includes some species 
that are closely related, some characteristics can be useful for discriminating A. 
microperforatus (Table 2). For example, the novel species shows restricted growth on 
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CYA at 25 ºC (up to 15 mm), in contrast to A. pseudoglaucus (up to 24 mm), which also 
differs by growing better on M60Y at 37 ºC (41 to 46 mm, vs. 28 to 32 mm diam in A. 
microperforatus) and, according to our results, on CYA at 25º C it produces a diffusible 
brown pigment that is absent in A. microperforatus. The novel species can be 
differentiated from A. glaucus and A. proliferans by its ability to grow on M60Y at 37 
ºC and A. glaucus has larger ascospores (6.0 to 7.5 µm, vs. 4.0 to 5.5 µm in A. 
microperforatus). Based on the descriptions and other reports, it might be difficult to 
differentiate the morphologies of A. microperforatus and A. ruber although the 
ascospores of A. ruber have an evident furrow and the conidia are usually ellipsoidal
1,4
. 
Although A. glaucus is a known opportunistic pathogen, being reported from many 
types of infections
8,9,11
, it was not recovered in the present study, as was the case in a 
study of clinical aspergilli in the Czech Republic
15
. Therefore, it is possible that the 
clinical prevalence of this species has been overestimated, probably due to the 
limitations of diagnostic tools for Aspergillus identification and for filamentous fungi in 
general. 
The CLSI have established epidemiological cut-off values for triazoles (ITC, VRC, and 
POS) and AMB for only six Aspergillus species, i.e., A. fumigatus, A. flavus, A. 
niger, A. terreus, A. nidulans, and A. versicolor
43,44
. However, the limited number of 
isolates of other species available in different clinical laboratories precludes the 
determination of epidemiologic cutoff values, and members of section Aspergillus have 
only been rarely tested for antifungal susceptibility
16
. With few exceptions, the eight 
antifungals used in this study showed good activity against the aspergilli tested, with 
MIC values equal to or less than 1.0 µg/ml (Table 3). Recently, Masih et al.
17
 provided 
the in vitro antifungal susceptibility profiles of rare Aspergillus species in clinical 
samples from India. Althoughthey did not test TBF, the MIC values for the other seven 
antifungals against three isolates of A. montevidensis and one strain of A. 
chevalieri were similar to the values observed in the current study. Most available in 
vitro data is with A. glaucus. Wildfeuer et al.
21
 and García-Martos et al.
22
 include eight 
and three clinical isolates of A. glaucus, respectively, and both reported good activity 
for ITC (MIC range of 0.25–0.5 µg/ml), VRC (0.125–0.78 µg/ml), and AMB (0.125–
1.56 µg/ml). Although we did not study any A. glaucus strains, these values are similar 
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to the overall values observed for the strains tested here. However, our MIC values were 
slightly lower for AMB and higher for VRC. Furthermore, García-Martos et al.
21
 also 
included two isolates of A. chevalieri and report the same MIC range (0.125–
0.25 µg/ml) for ITC, VRC, and AMB. These results are very similar to those found in 
our A. chevalieri isolates, with the exception of one isolate that had an ITC MIC of 
1.0 µg/ml. 
In summary, this study has assessed the species diversity 
of Aspergillus section Aspergillus from a set of clinical isolates from the USA and 
demonstrated that A. montevidensis and A. chevalieri were the most frequently 
identified species. We also describe A. microperforatus as a new species. The 
antifungals tested showed potent activity against these isolates, especially the 
echinocandins and PSC. 
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Fig 1 − Maximum likelihood tree obtained from the combined 
ITS, BenA, CaM and RPB2 sequences of the isolates. Branch lengths are proportional to 
phylogenetic distance. Bootstrap support values/Bayesian posterior probability scores 
over 70/0.95 are indicated on the nodes. The fully supported branches (100/1) and type 
strains are shown in bold. The new species is shown in the colored box. 
 
Fig 2 − Morphological features of Aspergillus microperforatus sp. nov. (UTHSCSA 
DI16-407). Panels: a, b, c, f, g, h, front and reverse of colonies on CY20S, DG18, and 
YES, respectively,after 7 days at 25 ºC; d, e, front of colonies on CYA, and MEA, 
respectively, after 7 days at 25 ºC; i, front of colonies on M60Y after 7 days at 37 ºC; j, 
front of colonies on CYA after 14 days at 25º; k, l, ascoma; m, n, asci; o, p, ascospores; 
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Fig S1 – Maximum likelihood tree obtained from the ITS sequences of the isolates. 
Branch lengths are proportional to phylogenetic distance. Bootstrap support 
values/Bayesian posterior probability scores over 70/0.95 are indicated on the nodes. 
Type strains are shown in bold. The new species is shown in the colored box. 
Fig S2 – Maximum likelihood tree obtained from the BenA sequences of the isolates. 
Branch lengths are proportional to phylogenetic distance. Bootstrap support 
values/Bayesian posterior probability scores over 70/0.95 are indicated on the nodes. 
The fully supported branches (100/1) and type strains are shown in bold. The new 
species is shown in the colored box. 
Fig S3 – Maximum likelihood tree obtained from the CaM sequences of the isolates. 
Branch lengths are proportional to phylogenetic distance. Bootstrap support 
values/Bayesian posterior probability scores over 70/0.95 are indicated on the nodes. 
The fully supported branches (100/1) and type strains are shown in bold. The new 
species is shown in the colored box. 
Fig S4 – Maximum likelihood tree obtained from the RPB2 sequences of the isolates. 
Branch lengths are proportional to phylogenetic distance. Bootstrap support 
values/Bayesian posterior probability scores over 70/0.95 are indicated on the nodes. 
The fully supported branches (100/1) and type strains are shown in bold. The new 
species is shown in the colored box. 
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4.4. Cryptic Aspergillus species from clinical samples in the 
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ABSTRACT 23 
In the last few decades there has been an emergence of cryptic Aspergillus species as 24 
etiological agents of human infections due to the increase of immunocompromised 25 
population, but also to the improvement of identification tools. Continuing our study on 26 
Aspergillus isolates from clinical origin deposited in a mycological reference center in 27 
the USA, we selected 37 isolates belonging to sections Cremei, Flavipedes, Nidulantes, 28 
Terrei and Usti, in order to study their species diversity and detect cryptic species by 29 
polyphasic approach. From this set of isolates, a total of 16 species were identified; the 30 
most frequent being A. calidoustus (48.6%, section Usti), A. terreus (13.5%, section 31 
Terrei), and A. nidulans (5.7%, section Nidulantes). The remaining isolates 32 
corresponded to 13 species of rare or cryptic Aspergillus, i.e. A. europaeus (section 33 
Cremei); A. iizukae, A. micronesiensis, A. spelaeus (section Flavipedes); A. 34 
pachycristatus, A. quadrilineatus, A. spinulosporus, A. unguis (section Nidulantes); A. 35 
alabamensis, A. carneus, A. hortai (section Terrei), A. granulosus (section Usti); and 36 
one new species, which is described here as A. hemisphaericus (section Flavipedes). 37 
Correct identification of cryptic species of Aspergillus is crucial to reveal new potential 38 
pathogens, gather accurate epidemiological data, and to choose an appropriate 39 
treatment. 40 
41 
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INTRODUCTION 42 
Members of Aspergillus are important fungal pathogens, mainly due to A. fumigatus 43 
that is responsible for over 200,000 life-threatening infections per year worldwide 44 
(Brown et al. 2012). However, in the last few decades, there has been a clear emergence 45 
of new or rare Aspergillus as etiological agents of human infections (Lass-Flörl, 2009; 46 
Masih et al. 2016). The reasons are primarily attributed to the continuous increasing in 47 
the population of immunocompromised patients and, consequently, at risk of 48 
opportunistic fungal infections (Kim 2016), but also due to the improvement of the 49 
identification tools, such as sequencing and phylogenetic analyses, which enabled the 50 
discrimination of close related species, revealing unknown pathogens.  51 
Currently, Aspergillus has over 350 accepted species and they are organized in 52 
subgenera and sections according to their morphological features and phylogenetic 53 
relationships (Gams et al. 1985, Samson et al. 2014). Many of them are called cryptic 54 
species since they share so many phenotypic features with others that is difficult to 55 
differentiate them by classical methods (Howard 2014). Usually, when incapable of 56 
being identified, cryptic species are treated as a complex or are presumably identified as 57 
the most common pathogen of its section. For this reason, cases of misidentifications in 58 
Aspergillus are common (Hubka et al. 2014; Khare et al. 2014; Tam et al. 2014), and 59 
some species seems to be overestimate as human pathogens, such as A. versicolor 60 
(Siqueira et al. 2016) or A. glaucus (Siqueira et al. 2017b in press). Additionally, two 61 
large studies using DNA-based identification, one from transplant recipients in the USA 62 
(Balajee et al. 2009a) and the other from a survey study carried out in Spain (Alastruey-63 
Izquierdo et al. 2013), revealed a concerning prevalence of cryptic species of 64 
Aspergillus, 11 % and 12 %, respectively. 65 
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Better identification tools allow reliable species delimitation in Aspergillus and 66 
also the discovery of new species, which is crucial for epidemiological purposes 67 
(Balajee et al. 2007). Moreover, correct species identification is fundamental in 68 
infections refractory to antifungal therapy, since susceptibility patterns may be variable 69 
among phenotypically similar species (Alastruey-Izquierdo et al. 2013). 70 
In previous studies we have investigated the occurrence of some less common 71 
sections of Aspergillus in clinical isolates from the USA identified by multilocus 72 
sequence analysis (Siqueira et al. 2016, 2017a, 2017b in press), expanding the diversity 73 
of cryptic aspergilli described from human or animal clinical specimens. To complete 74 
this search, we have studied by using a polyphasic approach species of Aspergillus 75 
belonging to sections Cremei, Flavipedes, Nidulantes, Terrei and Usti isolated from 76 
clinical specimens in the USA. 77 
 78 
MATERIALS AND METHODS 79 
Fungal isolates 80 
From a set of clinical isolates received from the Fungus Testing Laboratory of the 81 
University of Texas Health Science Center (San Antonio, USA), we selected 37 (Table 82 
1) belonging to those sections of the genus poorly known in clinical setting (i.e., 83 
Cremei, Flavipedes, Nidulantes, Terrei and Usti). The isolates were preliminary 84 
identified macro- and microscopically to the section level. To give more robustness to 85 
the identification other isolates from different sources and locations belonging to those 86 
sections were also included to the study (Table 1). 87 
Morphological characterization 88 
The fungal isolates were morphologically characterized following the recommended 89 
criteria for Aspergillus (Samson et al. 2014). Colony morphology and growth rates were 90 
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determined after 7 days of incubation on Czapek Yeast Autolysate agar (CYA, Becton, 91 
Dickinson and Company®, Sparks MD, USA), at 25 ºC and 37 ºC, and on Malt Extract 92 
agar (MEA, Pronadisa®, Madrid, Spain), at 25 ºC. Microscopic structures were 93 
examined and measured on slides from MEA cultures after 10–14 days of incubation. 94 
Wet mounts were made in 60% lactic acid and the excess conidia were washed using a 95 
drop of ethanol 70%. Photographs were made in a Zeiss Axio Imager M1 light 96 
microscope (Zeiss, Oberkochen, Germany), using Nomarski differential interference 97 
contrast and phase contrast optics, and with a mounted DeltaPix Infinity X digital 98 
camera. 99 
DNA extraction, amplification, and sequencing 100 
Total genomic DNA was extracted from MEA cultures after 7 days of incubation at 25 101 
ºC, using the FastDNA® Kit and the FastPrep® Instrument (MP Biomedicals, Irvine 102 
CA, USA) according to the manufacturer’s specifications. The amplification targeted 103 
four genetic markers (Peterson 2008; Samson et al. 2014). They are the internal 104 
transcribed spacer (ITS) regions of the rRNA, comprising ITS1, 5.8S gene, and ITS2 105 
regions, using ITS5/ITS4 primers (White et al. 1990); a portion of the β-tubulin gene 106 
(BenA), using Bt2a/Bt2b primers (Glass & Donaldson 1995); a fragment of the 107 
calmodulin gene (CaM), using Cmd5/Cmd6 primers (Hong et al. 2005); and a part of 108 
the RNA polymerase II second largest subunit gene (RPB2), using 5F/7CR primers (Liu 109 
et al. 1999). PCR products were sequenced in both directions with the same primers, at 110 
Macrogen Europe (Macrogen Inc., Amsterdam, Netherlands). Sequences were 111 
assembled and edited with SeqMan v.7.0.0 (DNASTAR, Madison, WI, USA). 112 
Molecular identification and phylogenetic analysis 113 
Presumptive molecular identification was provided by pairwise sequence comparison in 114 
databases available online (GenBank/EMBL and MycoBank). Final identification was 115 
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based on phylogenetic analyses, which were carried out individually for each gene and 116 
also in a concatenated study. Sequences of ex-type strains were obtained from the 117 
GenBank and added to the analyses. Penicillium paradoxum (CBS 527.65) was used as 118 
outgroup.  119 
Multiple sequence alignment was performed using ClustalW together with 120 
MUSCLE in MEGA v.6 software (Tamura et al. 2013) and manual adjustments to 121 
refine it when necessary. MEGA v.6 software was also used to conduct the Maximum 122 
Likelihood (ML) analysis, and for the estimation of the best nucleotide substitution 123 
method. Support of the internal branches was assessed by the Bootstrap method with 124 
1,000 replications, where values equal or higher than 70% were considered significant. 125 
In parallel, Bayesian Inference (BI) method was performed using MrBayes v.3.1.2 126 
software (Ronquist & Huelsenbeck 2003). The evolutionary models that best fit each 127 
gene were assessed by the software MrModelTest (Nylander 2004). Markov chain 128 
Monte Carlo (MCMC) sampling was performed with two simultaneous runs for 1 129 
million generations, with samples taken every 100 generations. The 50% majority rule 130 
consensus trees and posterior probability values (pp) were calculated after removing the 131 
first 25% of the resulting trees for burn-in. A pp value of 0.95 or higher was considered 132 
significant in the tree. 133 
Nucleotide sequence accession numbers 134 
Sequences newly generated in this study were deposited in GenBank/EMBL databases 135 
under accession numbers detailed in Table 1. 136 
 137 
RESULTS 138 
According to the final identification based on phylogenetic analyses and morphological 139 
features, the 37 selected isolates were distributed in these sections as follows: 18 in 140 
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Usti, eight in Nidulantes, six in Terrei, four in Flavipedes, and one in section Cremei. A 141 
total of 16 species were identified, the most frequent being A. calidoustus (n = 17, 142 
section Usti), A. terreus (n = 5, section Terrei), and A. nidulans (n = 2, section 143 
Nidulantes). The remaining isolates corresponded to 13 cryptic Aspergillus species, 144 
each with one isolate. Among them, a new species was found in section Flavipedes, 145 
which is described further ahead, and other 12 known species: A. europaeus (section 146 
Cremei); A. iizukae, A. micronesiensis, A. spelaeus (section Flavipedes); A. 147 
pachycristatus, A. quadrilineatus, A. spinulosporus, A. unguis (section Nidulantes); A. 148 
alabamensis, A. carneus, A. hortai (section Terrei); and A. granulosus (section Usti). 149 
At first, identification of these cryptic Aspergillus were tentatively carried out by 150 
pairwise sequence analyses in the GenBank database using the BLAST tool. However, 151 
in many cases, results provided were not satisfactory to identify such species, since 152 
some isolates retrieved two or more matches with similarities of 99 % or higher with 153 
different species. As expected, ITS sequences showed the least discriminatory power at 154 
the species level, being able to identify only two isolates (Table 2). The most reliable 155 
marker was RPB2, which allowed identifying unequivocally seven isolates (Table 2). 156 
The other two markers (BenA and CaM) exhibited the same results, being able to 157 
identify the same five isolates (Table 2). The BLAST searches could not identify five 158 
isolates with any of the markers studied individually, i.e. UTHSCSA DI14-213 (A. 159 
carneus), UTHSCSA DI14-214 (A. micronesiensis), UTHSCSA 14-805 (A. 160 
pachycristatus), and UTHSCSA 05-237 (A. quadrilineatus). The closest matches with 161 
the fifth isolate (UTHSCSA DI14-215) were A. templicola (96% for BenA and 98% for 162 
RPB2) and A. urmiensis (95% for CaM), confirming that it represented an undescribed 163 
species. 164 
UNIVERSITAT ROVIRA I VIRGILI 
CLINICAL AND ENVIRONMENTAL ASPERGILLUS: MORPHOLOGICAL AND MOLECULAR CHARACTERIZATION, PHYLOGENY, 
AND ANTIFUNGAL SUSCEPTIBILITY PROFIL·LE 
Joao Paulo Zen Siqueire 
By contrast, the phylogenetic tree reconstructed with the concatenated alignment 165 
of the four sequenced loci revealed the identity of all the cryptic species studied (Figure 166 
1). The final alignment included sequences of 15 clinical isolates, 18 isolates from 167 
different sources and locations, and the ex-type strains of the species closest related to 168 
clinical isolates. The ex-type strain of A. calidoustus was not included in the 169 
concatenate alignment since the RPB2 sequence was not available for comparison. It 170 
consisted of 2,679 nucleotides (ITS, 545; BenA, 519; CaM, 617; RPB2, 998), from 171 
which 1332 were variable sites (ITS, 200; BenA, 317; CaM, 394; RPB2, 421) and 1186 172 
phylogenetic informative (ITS, 143; BenA, 291; CaM, 368; RPB2, 384). Topologies of 173 
the trees by ML and BI methods were very similar, with minor differences on the 174 
support values of internal nodes. The ML tree was selected to represent the relationship 175 
among the isolates included in the analyses. To confirm that the isolate UTHSCSA 176 
DI14-215 constituted a new species, analyses were carried out also considering single 177 
gene phylogenies of section Flavipedes (supplementary material). 178 
The clinical isolates studied here showed the typical morphology of their 179 
corresponding sections, except the isolate UTHSCSA DI14-225 (A. granulosus) since it 180 
did not sporulate in any of media tested. The main characteristics of the cryptic species 181 
identified are summarized in Table 3. The most common relevant feature from all these 182 
species, except for A. spelaeus, is their ability to grow at 37 ºC on CYA, which suggest 183 
the potential pathogenicity of these fungi for humans. 184 
 185 
TAXONOMY 186 
Aspergillus hemisphaericus J.P.Z. Siqueira, Deanna A. Sutton, Gené, García & Guarro, 187 
sp. nov. MycoBank MBXXXX. Figure 2.  188 
In — section Flavipedes 189 
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Etymology — Name refers to the typical shape of the vesicles in the conidiophores of 190 
the species. 191 
Specimen examined — USA, from human sputum, 2014, D. Sutton (holotype CBS H- 192 
XXXX; culture ex-type UTHSCSA DI14-215 = FMR 13523 = CBS XXXX; ITS 193 
barcode LT899487, alternative markers: Ben ALT899536, CaM LT899589, RPB2 194 
LT899644). 195 
Colony diameter in 7d (mm) — On CYA: 25 ºC 24–25, 30 ºC 32–33, 37 ºC 14–16; on 196 
MEA: 25 ºC 24–25; on DG18: 25 ºC 16–17; on YES: 25 ºC 16–19; on OA: 25 ºC 20–197 
21; on CREA: 25 ºC 19–20. 198 
Colony characters at 25 ºC in 7 d — On CYA, colonies floccose, mycelium white to 199 
yellowish white (4A2), margin slightly lobulate and fimbriate; reverse reddish brown 200 
(8E5); sporulation dense, with conidial masses white to yellowish white, turning pastel 201 
green (10A4) to olive (2E4) in 14 d; soluble pigment light yellow (4A4) to orange 202 
yellow (4A7); exudate pale yellow (3A3) to orange yellow (4A6). On MEA, colonies 203 
velvety to powdery, furrowed, mycelium white to orange white (5A2), margin 204 
fimbriate; reverse pale orange (5A3) to light brown (6D6); sporulation dense, with 205 
conidial masses orange white (5A2) to greyish yellow (2B6) towards the center; soluble 206 
pigment light yellow (4A5), inconspicuous; exudate colorless. On DG18, colonies 207 
floccose to slightly powdery, mycelium white, margin predominantly entire; reverse 208 
pale yellow (4A3) to light yellow (4A5); sporulation dense, with conidial masses 209 
yellowish white (4A2) to pale orange (5A3); soluble pigment absent; exudate absent. 210 
On YES, colonies powdery, slightly furrowed, and center slightly elevated, mycelium 211 
white, margin entire; reverse light yellow (4A5); sporulation dense, with conidial 212 
masses white; soluble pigment absent; exudate absent. On OA, colonies floccose at the 213 
centre, with submerged mycelium towards the periphery, mycelium white, margin 214 
UNIVERSITAT ROVIRA I VIRGILI 
CLINICAL AND ENVIRONMENTAL ASPERGILLUS: MORPHOLOGICAL AND MOLECULAR CHARACTERIZATION, PHYLOGENY, 
AND ANTIFUNGAL SUSCEPTIBILITY PROFIL·LE 
Joao Paulo Zen Siqueire 
entire; reverse yellowish white (4A2) to pale orange (5A3); sporulation dense, with 215 
conidial masses pale yellow (4A3); soluble pigment absent; exudate absent. On CREA, 216 
colonies floccose, mycelium white, margin predominantly entire; sporulation dense, 217 
with conidial masses yellowish white (3A2) to greyish yellow (1A5); acid production 218 
absent. 219 
Micromorphology — On MEA, conidiophores with conidial heads biseriate and 220 
occasionally slightly to strongly bent or bifurcate, mainly columnar, more rarely loosely 221 
radiate, orange white (5A2) in 7 d, becoming greyish green (27B5) in 14 d; stipes 222 
commonly septate, 180–420 x 4.5–6.5 µm, smooth, hyaline; vesicles mainly 223 
hemispherical, occasionally globose, (6)12–17 µm wide, hyaline; metulae cylindrical, 224 
covering 75% of the vesicle, 4.5–6.5 x 2.5–4.5 µm, hyaline; phialides, cylindrical with 225 
the apex slightly narrower, 6–8 x 2.5–4 µm, hyaline; conidia globose, 2–3.5 µm diam, 226 
smooth, hyaline. Hülle cells and ascomata not observed. 227 
Distinguish characters — Aspergillus hemisphaericus clusters in a terminal clade along 228 
with A. templicola and A. urmiensis in section Flavipedes. Aspergillus templicola was 229 
described from house dust (Visagie et al. 2014) and currently includes the synonym A. 230 
mangaliensis (Hubka et al. 2015). Aspergillus templicola differs from our novel species 231 
mainly by its consistently elongated vesicles; in A. hemisphaericus the vesicles are 232 
commonly hemispherical. Aspergillus urmiensis was described from hypersaline soil 233 
(Arzanlou et al. 2016), and it differs by showing globose vesicles with radiate growth, 234 
while in A. hemisphaericus has conidial heads mainly columnar. 235 
 236 
DISCUSSION 237 
The multilocus sequence analysis of a large set of Aspergillus isolates from clinical 238 
origin carried out in successive studies (Siqueira et al. 2016; 2017a; 2017b in press), 239 
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including the present one, has been essential to highlight the great species diversity in 240 
Aspergillus sections poorly studied in clinical setting. In these studies, from a total of 241 
173 isolates belonging to the sections Aspergillus, Circumdati, Cremei, Flavipedes, 242 
Nidulantes, Terrei, Usti and Versicolores, we have identified 38 species, many of them 243 
considered cryptic because of their morphological similarity with the most common 244 
pathogens of each section studied. It is noteworthy that among these species eight were 245 
reported for the first time from animal and human clinical specimens, including three 246 
new species, namely A. pseudosclerotiorum (Siqueira et al. 2017a), A. microperforatus 247 
(Siqueira et al. 2017b in press), and A. hemisphaericus, proposed here. Despite the role 248 
of the species identified in causing infection has not been demonstrated in any case, 249 
they should be considered at least as potential opportunistic pathogens. 250 
In the present study, we identified A. europaeus in section Cremei. Members of 251 
this section are mainly considered soil-borne fungi and being able to cause spoilage of 252 
cereals and nuts (Samson et al. 2010). Although their isolation from clinical samples is 253 
rare, Hubka et al. (2016) suggested that A. europaeus is a relative common species in 254 
clinical setting and it has been overlooked and frequently misidentified, especially as A. 255 
wentii, the most well-known species of this section. The two species can be 256 
distinguished by the production of yellow soluble pigment on MEA in A. europaeus, not 257 
present in A. wentii (Hubka et al. 2016). Moreover, they can be differentiated by the size 258 
of the conidial heads at the colony center, which usually does not exceed 200 µm diam 259 
in A. europaeus, and are larger in A. wentii (approximately 500 µm diam) (Hubka et al. 260 
2016). 261 
From section Flavipedes, two of the species identified are noteworthy, A. 262 
spelaeus, which has not been previously recovered from clinical samples, and the new 263 
species A. hemisphaericus. In general, members of this section are common in soil, but 264 
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can also be isolated from food, indoor environments, and as endophytes (Klich 2002; 265 
Hubka et al. 2015). Based on polyphasic taxonomic studies, Hubka et al. (2015) 266 
demonstrated that A. iizukae, A. frequens, and A. mangaliensis were the most common 267 
and widely distributed species of this section, whereas A. flavipes was considered a rare 268 
species. It is noteworthy however, that historically A. flavipes has been considered the 269 
only clinically relevant species in the section (Buzina 2013), being reported in cases of 270 
cutaneous aspergillosis (Barson & Ruymann 1986), osteomyelitis (Tack et al. 1982), 271 
otomycosis (Stuart & Blank 1955), onychomycosis (Gehlot et al. 2011), and in chronic 272 
necrotizing pulmonary aspergillosis (Katou et al. 1999). However, Hubka et al. (2015) 273 
re-identified several A. flavipes clinical isolates as A. frequens, and also suggested that 274 
most cases of infection reported up to date could be caused by A. frequens. Currently, A. 275 
frequens is considered a synonym of A. micronesiensis (Arzanlou et al. 2016); both 276 
species were practically described simultaneously (Visagie et al. 2014; Hubka et al. 277 
2015), being considered this latter the name valid for the species. We identified A. 278 
micronesiensis from a canine urine sample. 279 
In section Nidulantes, A. nidulans is considered the leading pathogen, being 280 
involved in a wide range of infections, such as sinusitis, endophthalmitis, osteomyelitis, 281 
catheter-related skin infection, and pulmonary infections (de Hoog et al. 2011). This 282 
species is especially relevant in chronic granulomatous disease patients (Henriet et al. 283 
2012). Other species identified here, such as A. quadrilineatus, A. spinulosporus and A. 284 
unguis, have already been reported as cause of human infections. Aspergillus 285 
quadrilineatus has been involved in sinusitis (Polacheck et al. 1992), onychomycosis 286 
(Gugnani et al. 2004), and in invasive infections (Verweij et al. 2008). Verweij et al. 287 
(2008) did a molecular re-identification of A. nidulans isolates, revealing that they were 288 
in fact A. quadrilineatus. Aspergillus spinulosporus has been reported in invasive 289 
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pulmonary aspergillosis (White et al. 1988; Yu et al. 2013) and in a prosthetic valve 290 
endocarditis (Uhrin et al. 2015). Aspergillus unguis has been reported as causal agent of 291 
several cases of onychomycosis (Grigoriu & Grigoriu 1975; Hubka et al. 2012), and has 292 
also been associated with cases of asthma in children (Rabinovitch 2012). This latter 293 
species is also morphologically similar to A. nidulans (Howard 2003), but they can be 294 
differentiated by the ability to grow at 40 ºC; while A. nidulans grows profusely, 295 
reaching 46 mm in 5 days, A. unguis is unable to grow at this temperature (Chen et al. 296 
2016). On the other hand, A. pachycristatus is the only species of the section Nidulantes 297 
identified here that has not been reported from clinical samples before. This species was 298 
described from Chinese soil (Matsuzawa et al. 2012), and morphologically also 299 
resembles A. nidulans, but the ascospores of A. pachycristatus show thicker crests 300 
(Chen et al. 2016). The closest related species to A. pachycristatus is A. rugulosus, 301 
however the latter can be distinguished by the rugulose ornamentation on the convex 302 
surface of ascospores; in A. pachycristatus, the ascospore surface is smooth (Chen et al. 303 
2016). 304 
As expected, A. terreus has been the most frequent species of the section Terrei 305 
identified in our study. This species is a well-known pathogen involved in pulmonary, 306 
cardiovascular, and disseminated infections among other human and animal diseases (de 307 
Hoog et al. 2011). The treatment of this fungus is often complex because it is 308 
intrinsically resistant to amphotericin B (Pastor & Guarro 2014), as occurs with other 309 
species of the section (Buzina 2013). The species distribution of section Terrei in clinic 310 
is hard to assess, mainly because A. terreus is often considered a species complex 311 
(Balajee 2009, Fernandez et al. 2013). Indeed, the species in this section are 312 
morphologically very similar and genetically closely related, being susceptible to 313 
misidentifications. That is the case of two species reported here, A. alabamensis and A. 314 
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hortai, which were described after phylogenetic analyses of several clinical isolates 315 
previously identified as A. terreus (Balajee et al. 2009b, Dodge 1935). Therefore, in 316 
agreement with Samson et al. (2011), the frequency of these species in clinic is 317 
probably underestimated due to misidentifications. The fourth species in section Terrei 318 
identified here is A. carneus. This species was already associated with pulmonary 319 
aspergillosis (Morquer & Enjalbert 1957) and its pathogenicity confirmed in mice (Pore 320 
& Larsh 1968). Since A. carneus shows white colonies, it has already been 321 
misidentified as A. candidus (Hubka et al. 2014). However, A. candidus, in addition to 322 
belong to section Candidi, has slow growth rates and it is unable to grow at 37 ºC 323 
(Varga et al. 2007). Aspergillus carneus is phylogenetically close to A. niveus, but they 324 
can be differentiated since the while colonies of A. carneus acquire pink and purple 325 
tones in age, whereas those of A. niveus are persistently white (Raper & Fennell 1965). 326 
The most frequent species identified in the present study has been A. calidoustus 327 
in section Usti. This species was introduced in 2008 on the basis of clinical strains 328 
previously identified as A. ustus (Varga et al. 2008). Thenceforth, a rising number of 329 
infections attributed to A. calidoustus have been reported, which has also acquired 330 
significance because of its elevated MICs for triazoles (Varga et al. 2008; Alastruey-331 
Izquierdo et al. 2010; Hubka et al. 2012; Seroy et al. 2017). Another species of the 332 
section identified in this study is A. granulosus. This species is an uncommon 333 
opportunist but clinically relevant since it has been diagnosed as causal agent of a 334 
disseminated infection in a cardiac transplant recipient (Fakih et al. 1995) and cerebral 335 
aspergillosis (Sutton et al. 2009). In addition, it has been associated to endodontic 336 
infections (Gomes et al. 2010), and in our case isolated from a human brainstem sample. 337 
The correct identification of cryptic or uncommon species of Aspergillus can be 338 
a challenging task. DNA-based approaches improved the level of confidence of the 339 
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identifications but it may not be enough. Pairwise comparison of a sequence in a 340 
database, such the BLAST tool in the GenBank, is very useful but not sufficient in 341 
many cases. The ITS region, the universal fungal barcode (Schoch et al. 2012), in 342 
Aspergillus has resolution only to the section level as we could demonstrate here, where 343 
only two isolates investigated could be identified with this marker. Although the other 344 
markers (BenA, CaM, and RPB2) proved to be more informative, the comparison of a 345 
unique marker often cannot distinguish between cryptic species and their closely genetic 346 
relatives. Also, it must be taken into account that many isolates in databases may not be 347 
correctly identified or their names have not been updated. For example, up to date, the 348 
recently described A. urmiensis still appears in the GenBank as Aspergillus sp., or 349 
species now synonymized with A. quadrilineatus are shown with their old names such 350 
as Emericella quadrilineata, A. nidulans var. acristatus, A. tetrazonus, A. parvathecius, 351 
and A. miyajii. Another important limitation is that the RPB2, which has demonstrated 352 
to be one of the best markers for Aspergillus, and that in our study was able to identify 353 
seven isolates, is not currently available for all ex-type species. 354 
Another difficulty in identifying cryptic species is the fact that the taxonomy is 355 
under continuous update, experimenting nomenclatural modifications due to the new 356 
criteria on fungal nomenclature (McNeill et al. 2012), synonymizations (Houbraken et 357 
al. 2014; Chen et al. 2016) and new species being constantly described in the current 358 
literature (Varga et al. 2007, 2008; Balajee et al. 2009b; Samson et al. 2011, 2014; 359 
Hubka et al. 2014, 2015, 2016; Arzanlou et al. 2016; Chen et al. 2016; Siqueira et al. 360 
2017a,b). Among the 12 known species reported in this study, three of them (A. 361 
europaeus, A. micronesiensis, and A. spelaeus) had not yet been described at the 362 
moment of their isolation. 363 
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Nowadays, the polyphasic approach, combining multilocus phylogenetic 364 
analyses using sequences of ex-type strains and the phenotypic characterization, is the 365 
recommended methodology to reach reliable species identification in Aspergillus 366 
(Samson et al. 2014). In the clinical practice, this methodology may be unfeasible, 367 
because it is not cost-effective or in most cases is reserved to basic research. However, 368 
it is universally accepted that accurate identification of clinical isolates and better-369 
defined epidemiological data is crucial to understand the true impact of fungal diseases 370 
and to determine the outcome of a patient.  371 
 372 
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 651 
Figure 1 – ML tree from the combined ITS, BenA, CaM, and RPB2 loci. Branch lengths 652 
are proportional to phylogenetic distance. Bootstrap support values/Bayesian posterior 653 
probability scores over 70/0.95 are indicated on the nodes. Thickened branches 654 
correspond to full supported clades (100/1). Tree is rooted to Penicillium paradoxum 655 
CBS 527.75. Names in bold correspond to the clinical isolates. T: type strain.  656 
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 657 
Figure 2 – Morphological characters of Aspergillus hemisphaericus (UTHSCSA DI14-658 
215T). A. Colonies from left to right (top row) CYA, MEA, DG18 and OA; (bottom 659 
row) CYA reverse, MEA reverse, YES, and CREA. B–F. Conidiophores. G. Conidia. 660 
Scale bars = 10 μm. 661 
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 662 
Figure S1 – ML tree of Aspergillus section Flavipedes from the combined ITS, BenA, 663 
CaM, and RPB2 loci. Branch lengths are proportional to phylogenetic distance. 664 
Bootstrap support values/Bayesian posterior probability scores over 70/0.95 are 665 
indicated on the nodes. Thickened branches correspond to full supported clades (100/1). 666 
Tree is rooted to A. bicephalus FMR 14918. The name in bold corresponds to the new 667 
species proposed. T: type strain. 668 
669 
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 670 
Figure S2 – ML tree of Aspergillus section Flavipedes from the ITS locus. Branch 671 
lengths are proportional to phylogenetic distance. Bootstrap support values/Bayesian 672 
posterior probability scores over 70/0.95 are indicated on the nodes. Thickened 673 
branches correspond to full supported clades (100/1). Tree is rooted to A. bicephalus 674 
FMR 14918. The name in bold corresponds to the new species proposed. T: type strain. 675 
676 
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 677 
Figure S3 – ML tree of Aspergillus section Flavipedes from the BenA locus. Branch 678 
lengths are proportional to phylogenetic distance. Bootstrap support values/Bayesian 679 
posterior probability scores over 70/0.95 are indicated on the nodes. Thickened 680 
branches correspond to full supported clades (100/1). Tree is rooted to A. bicephalus 681 
FMR 14918. The name in bold corresponds to the new species proposed. T: type strain. 682 
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 684 
Figure S4 – ML tree of Aspergillus section Flavipedes from the CaM locus. Branch 685 
lengths are proportional to phylogenetic distance. Bootstrap support values/Bayesian 686 
posterior probability scores over 70/0.95 are indicated on the nodes. Thickened 687 
branches correspond to full supported clades (100/1). Tree is rooted to A. bicephalus 688 
FMR 14918. The name in bold corresponds to the new species proposed. T: type strain. 689 
690 
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 691 
Figure S5 – ML tree of Aspergillus section Flavipedes from the RPB2 locus. Branch 692 
lengths are proportional to phylogenetic distance. Bootstrap support values/Bayesian 693 
posterior probability scores over 70/0.95 are indicated on the nodes. Thickened 694 
branches correspond to full supported clades (100/1). Tree is rooted to A. bicephalus 695 
FMR 14918. The name in bold corresponds to the new species proposed. T: type strain. 696 
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Coprophilous fungi are saprotrophic organisms that show a great variability of habitats, 
herbivore dung being one of the most diverse. The physico-chemical characteristics of 
this peculiar substrate combined with the high level of fungal adaptation to different 
environmental conditions offer the perfect setting for discovering new taxa. This study 
focused on the identification of interesting ascomycetes isolated from 130 dung 
samples collected in different Spanish localities. A total of 165 isolates of Eurotialean 
fungi (i.e. 60 Aspergillus and 105 penicillium-like) were characterized. The fungi were 
preliminary identified morphologically and by sequencing of the β-tubulin (BenA) gene. 
The new taxa were characterized by a multi-gene sequencing analysis testing the 
BenA, the internal transcribed spacer (ITS), calmodulin (CaM), and RNA polymerase II 
second largest subunit (RPB2) genes, and a detailed phenotypic study. Using this 
polyphasic approach and following the genealogical concordance phylogenetic species 
recognition concept (GCPSR), we proposed the two new genera Pseudopenicillium 
and Penicillago in the family Aspergillaceae, and 23 new species, including ten 
Aspergillus, seven Penicillium and four Talaromyces.  
 
Taxonomic novelties: New genera: Penicillago Guevara-Suarez, Gené & D. García, 
Pseudopenicillium Guevara-Suarez, Cano & Guarro. New species: Aspergillus 
albodeflectus J.P.Z. Siqueira, D. García & Gené, Aspergillus aurantiosulcatus J.P.Z. 
Siqueira, Guarro & D. García, Aspergillus calidokeveii J.P.Z. Siqueira, D. García & 
Gené, Aspergillus canariensis J.P.Z. Siqueira, Gené & Guarro, Aspergillus coprophilus 
J.P.Z. Siqueira, D. García & Gené, Aspergillus esporlensis J.P.Z. Siqueira, Gené & 
Guarro, Aspergillus fimeti-brunneus J.P.Z. Siqueira, Gené & D. García, Aspergillus 
longipes J.P.Z. Siqueira, Guarro & D. García, Aspergillus majoricus J.P.Z. Siqueira, 
Gené & Guarro, Aspergillus verruculosus J.P.Z. Siqueira, Gené & D. García, 
Penicillium balearicum Guevara-Suarez, Cano & Gené, Penicillium beceitense 
Guevara-Suarez, Gené & Guarro, Penicillium caprifimosum Guevara-Suarez, D. 
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García & Cano, Penicillium fimosum Guevara-Suarez, Guarro & D. García, Penicillium 
ibericum Guevara-Suarez, Cano & D. García, Penicillium mediterraneum Guevara-
Suarez, Gené & Cano, Penicillium synnematicola Guevara-Suarez, D. García & 
Guarro, Penicillago flava Guevara-Suarez, D. García & Cano, Pseudopenicillium 
coprobium Guevara-Suarez, D. García & Gené, Talaromyces catalonicus Guevara-
Suarez, Gené & Guarro, Talaromyces coprophilus Guevara-Suarez, Cano & D. García, 
Talaromyces gamsii Guevara-Suarez, Cano & Guarro, Talaromyces pseudofuniculosus 
Guevara-Suarez, D. García & Gené. New combinations: Penicillago nodositata 
(Valla) Guevara-Suarez, Gené & D. García, Pseudopenicillium giganteum (R.Y. Roy & 
G. N. Singh) Guevara-Suarez, Gené & Cano, Pseudopenicillium megasporum (P. A. 
Orpurt & D. I. Fennell) Guevara-Suarez, Cano & Guarro. 
 
INTRODUCTION 
Fungi are able to grow and colonize the most diverse substrates, especially those rich 
in nutrients. Therefore, a huge number of taxa developing on herbivore droppings have 
been described in the most diverse parts of the world (Sarroco 2016), which constitutes 
one of the most exciting exercises of fungal diversity. Coprophilous fungi are a large 
group of saprotrophic organisms which represent an important component of the 
biosphere with a crucial role in recycling the nutrients involved in animal feces (Cooke 
& Rayner 1984). Animal dung is a complex substrate with a high amount of readily 
available carbohydrates with high nitrogen content, water-soluble vitamins, impoerant 
growth factors and mineral ions (Bell 1983). In addition, the physical structure, pH, and 
varying moisture content of the dung make it a rich medium for fungal growth 
(Richardson 2001). 
Some genera of Ascomycota are considered practically exclusive of dung (e.g. 
Ascobolus, Podospora), while others are restricted to a particular herbivore animal, 
such as for instance Lasiobolus cainii, which is only found on porcupine dung (Webster 
1970). However, the majority of coprophilous fungi can grow on any herbivore dung 
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due to their ability to survive on any decaying organic matter (Sarroco 2016). A high 
diversity of fungal taxa, including a large number of species of Ascomycota, 
Basidiomycota and Mucorales, considered the primary saprotrophs, can be found on 
this type of dropings (Bell 1983; Richardson 2001). It has been demonstrated that a 
large and complex succession of fungi appears on dung which makes analogies with 
the plant sequence in a disturbed area, Mucorales being usually the pioneering fungi 
which are displaced by Ascomycota or Basidiomycota when fresh propagules arrive or 
buried spores germinate (Bell 1975; Richardson 2001; Sarroco 2016). 
Most of the ascomycetes, and particularly the Eurotiales, are not considered 
predominantly coprophilous (Krug et al. 2004), but they are frequently found when the 
soluble materials are exhausted and a low water availability is present. More 
particularly, some reports indicate that species of Aspergillus and Penicillium are more 
common in feces when the relative humidity decreases below 85 % (Kuthubutheen & 
Webster 1986). Although the literature on the presence of these groups of fungi on 
herbivore dung are scarce, some reports show that members of at least nine sections 
of Aspergillus can be present on this substrate. Species of sections Nidulantes and 
Clavati are occasionally found on dung samples (Varga et al. 2007a; Chen et al. 
2016a). In addition, several Aspergillus species have been discovered from this 
substrate, such as A. viridinutans (section Fumigati), A. monodii (section Usti) (Samson 
et al. 2011a), A. recurvatus (section Nidulantes) (Raper & Fennell 1965), among 
others. 
In the past, some coprophilous penicillia, such as P. brevistipitatum, P. 
clavigerum, P. concentricum, P. coprobium, P. coprophilum, P. formosanum, P. 
glandicola and P. vulpinum, had been classified in the series Claviformia (Frisvad & 
Samson 2004; Wang & Zhuang 2005). However, the most recent taxonomic 
classification based on sections, most of the coprophilous species have been 
reclassified in the section Robsamsonia (Houbraken et al. 2016), which includes, apart 
from the mentioned species previously assigned to series Claviformia others from 
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Urticicolae (Frisvad & Samson 2004). Only a few studies on coprophilous organisms 
have identified penicillium-like fungi at the species level, and many of the fungi 
identified as Penicillium correspond in fact to other morphologically similar genera 
(Houbraken et al. 2016). It is generally known that some species of Penicillium sensu 
stricto and some members of Talaromyces share several morphological features; 
however, Houbraken & Samson (2011) demonstrated that Penicillium is 
phylogenetically more related to Aspergillus (family Aspergillaceae) than to 
Talaromyces (family Trichochomaceae). Concerning Talaromyces, some coprophilous 
species such as T. atroroseus, T. dupontii, T. emersonii, T. helicus, T. flavus, T. muroii 
and T. trachyspermus have been reported, although currently some of them (e.g. T. 
dupontii and T. emersonii) have been transferred to the genera Thermomyces and 
Rasamsonia, respectively (Masunga et al. 2006; Frisvad et al. 2013; Yilmaz et al. 
2014).  
The high level of adaptation to different substrates of members of 
Aspergillaceae and Trichocomaceae, combined with the particular physical and 
chemical characteristics of the diversity of dung samples, offers the perfect setting for 
detection of potential new species; however, this constitutes a generally overlooked 
substrate for these fungal group, due to the difficulties in detecting in most cases the 
presence of these microorganisms. Currently, the identification of Eurotialean fungi, 
such as those belonging to the genera Aspergillus, Penicillium and Talaromyces, is 
achieved using a polyphasic approach that includes the evaluation of morphological 
and physiological characters (i.e., growth on different culture media at different 
temperatures and detection and identification of extrolite profiles), and multilocus 
sequence analyses testing with the internal transcribed spacer region (ITS), and the β-
tubulin (BenA), calmodulin (CaM), and/or the DNA-dependent RNA polymerase II 
largest subunit (RPB2) genes (Peterson 2008; Houbraken et al. 2014a; Samson et al. 
2014; Visagie et al. 2014a; Yilmaz et al. 2014). The use of this, already generalized 
approach has demonstrated to be able to discriminate very close species and to 
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discover and characterize new taxa (Visagie et al. 2014a; Guevara-Suarez et al. 2017; 
Siqueira et al. 2016; 2017). 
The present study focuses on the detection and identification of species of 
Aspergillus, Penicillium and Talaromyces isolated from herbivore dung samples 
collected from different Spanish regions. Their Identification has been carried through 
by the conjunction of the evaluation of their most remarkable phenotypic features and 
the analysis of multilocus sequences in comparison with those of ex-type and reference 
strains. The Genealogical Phylogenetic Species Recognition (GCPSR) criterion has 
been used to suporty the taxonomic position of numerous putative new species (Taylor 
et al. 2000). 
 
MATERIALS AND METHODS 
Sampling and fungal isolation 
Dung samples were collected mainly during 2016 in different geographic regions from 
Spain, with different climates and very diverse fauna and flora, representing very 
diverse habitats of Andalusia, Balearic and Canary Islands, Cantabria, Castile-Leon, 
Catalonia, Extremadura and Galicia. Most of the samples were from rabbit, fox, sheep, 
deer, and goat, although occasionally soil mixed with some of these substrates or even 
dung from other animals, as cattle, wild pig and horse were also studied. The samples 
were placed in individual paper or plastic bags and processed not later than three days 
after collection. Individual samples were divided into two parts; one processed using 
moist chambers (Richardson 2001) and the other by the dilution method, mainly based 
on Waksman (1922) with some modifications (see below). In the first procedure, few 
pieces of the sample were placed on moist filter paper with sterile distilled water in 
individual Petri dishes, and incubated at room temperature for up to 30 days. For the 
dilution method, approximately one gram of dung or soil was 1:10 (w/v) diluted in sterile 
water, and handle shaken for approximately 10 min. Aliquots of the suspensions were 
pipetted into Petri dishes and mixed with 20 mL of melted cooled agar medium. Culture 
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media used for isolation were potato dextrose agar (PDA; Pronadisa, Madrid, Spain) 
and/or potato carrot agar (PCA; 20 g potatoes, 20 g carrot, 20 g agar, 1000 mL distilled 
water), both supplemented with chloramphenicol (200 mg/L), and dichloran rose-
bengal chloramphenicol agar (DRBC; 5 g peptone, 10 g glucose, 1 g potassium 
dihydrogen phosphate [KH2PO4], 0.5 g magnesium sulphate [MgSO4], 25 mg rose-
bengal, 2 mg dichloran, 200 mg chloramphenicol, 20 g agar, 1000 mL distilled water). 
All media were supplemented with dieldrin in dimethyl-ketone (1%). Petri dishes were 
incubated at room temperature for up to 30 days. The moist chambers and Petri dishes 
were examined at regular intervals with the aid of a stereo microscope and conidia 
from sporulated colonies were transferred to PDA supplemented with chloramphenicol. 
 
Molecular identification and phylogenetic analysis  
The selected isolates were cultured on PDA or malt extract agar (MEA; Difco, Detroit, 
USA) for 7-14 days at 25ºC. DNA was extracted using the FastDNA® kit protocol (MP 
Biomedicals, Solon, OH) and for the homogenization step a FastPrep® FP120 cell 
disrupter (Thermo Savant, Holbrook, NY). 
Preliminary identification of the isolates was carried out by the analysis of a 
sequence fragment of the BenA gene. In the case of putative new species, the ITS 
region, including the 5.8S rRNA gene, and fragments of CaM and/or RPB2 genes were 
also amplified. The primer pairs used were: ITS5/ITS4 for the ITS (White et al. 1990), 
Bt2a/Bt2b for BenA (Glass & Donaldson 1995), CMD5/CMD6 for CaM (Hong et al. 
2006), and RPB2-5F/RPB2-7Cr for RPB2 (Liu et al. 1999). The amplification protocol 
and PCR conditions were performed using methods and primers previously described 
(Peterson 2008; Houbraken & Samson 2011; Yilmaz et al. 2014). The amplified 
products were purified and sequenced at Macrogen Corp. Europe (Amsterdam, the 
Netherlands) with a 3730XL DNA analyzer (Applied Biosystems, Foster City, CA). 
Consensus sequences were obtained using SeqMan v. 7.0.0 (DNASTAR, Madison, 
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WI). The newly generated sequences obtained in this study and their GenBank/EMBL 
accession numbers are summarized in Table 1. 
Phylogenetic analysis using the BenA locus included sequences of ex-type 
strains of species more closely related to the isolates recovered in this study, based on 
the results of BLAST searches in the GenBank database. Sequences were retrieved 
from GenBank taking into account the last update of the database of the International 
Commission of Penicillium and Aspergillus (http://www.aspergilluspenicillium.org), 
which includes all the species accepted in those genera. Single (data not shown) and 
concatenated phylogenetic analyses were performed to delineate putative new species 
and the phylogenies corresponding to each section of those genera were properly 
reconstructed. 
Data sets for each locus were aligned individually using ClustalW (Thompson et 
al. 1994), in MEGA v 6.0 software (Tamura et al. 2013), refined with MUSCLE (Edgar 
2004) under the same platform, and manually adjusted if needed. Larger alignments 
including different sections of a genus were performed by the MAFFT tool in the EMBL-
EBI Web Services portal and manually adjusted in MEGA v 6.0. Phylogenetic 
reconstructions by maximum likelihood (ML) and Bayesian inference (BI) were carried 
out using MEGA v. 6.0 and MrBayes v. 3.1.2 (Huelsenbeck & Ronquist 2001), 
respectively. For ML analyses, the trees were inferred using Nearest-Neighbour-
Interchange as a heuristic method and gaps were treated as partial deletion with a 95 
% site coverage cut-off. The estimation of the best nucleotide substitution method was 
performed in MEGA v 6.0 and phylogeny support for internal branches was assessed 
by 1,000 ML bootstrapped pseudoreplicates of data. Bootstrap support (bs) ≥ 70 was 
considered significant. BI analyses were performed using five million Markov chain 
Monte Carlo (MCMC) generations, with two runs (one cold and three heated chains) 
and samples were stored every 1,000 generations. The 50% majority-rule consensus 
tree and posterior probability values (pp) were calculated after discarding the first 25% 
of the samples. A pp value ≥0.95 was considered significant. The best substitution 
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models for all gene matrices were estimated using jModelTest v.2.1.3 (Darriba et al. 
2012; Guindon & Gascuel 2003). The resulting trees were plotted using FigTree v.1.3.1 
(http://tree.bio.ed.ac.uk/software/figtree/). The alignments and trees were deposited in 
the TreeBASE (www.treebase.org) under the submission number 21345. 
 
Phenotypic characterization 
Phenotypic characterization was carried out using standard growth conditions 
described previously (Samson et al. 2014; Visagie et al. 2014a; Yilmaz et al. 2014). 
Briefly, the isolates were cultured onto MEA (Samson et al. 2010), oatmeal agar (OA; 
Samson et al. 2010), Czapek yeast autolysate agar (CYA; Pitt 1979), yeast extract 
sucrose agar (YES; Frisvad 1981), creatine sucrose agar (CREA; Frisvad 1981) and 
dichloran 18 % glycerol agar (DG18; Hocking and Pitt 1980), incubated at 25 °C for 7 d 
in darkness. Colony growth rates were also measured after 7 d at 30 and 37 °C on the 
same agar media above mentioned. Color notations in colony descriptions were from 
Kornerup & Wanscher (1978). Microscopic features were examined on colonies grown 
on MEA after 1 to 2 weeks, mounted on slides with Shear's solution or 60% lactic acid, 
and the excess of conidia were removed with 70 % ethanol, and their photographs 
were made using a Zeiss Axio-Imager M1 light microscope with Nomarski differential 
interference contrast and phase-contrast optics (Zeiss, Oberkochen, Germany) with a 
DeltaPix Infinity X digital camera. 
Those isolates identified morphologically as belonging to Aspergillus, 
Penicillium or Talaromyces were recovered and deposited in the culture collection of 
the Medicine Faculty of Reus (FMR). Cultures of interesting species, as well as type 
material and cultures of the new species were deposited at the Westerdijk Fungal 
Biodiversity Institute (Utrecht, the Netherlands). Nomenclatural novelties and 
descriptions were deposited in MycoBank (Crous et al. 2004). 
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RESULTS AND DISCUSSION  
In this study a total of 130 dung samples were processed. Our preliminary results (data 
not shown) on Aspergillus identification showed that members of sections Fumigati, 
Flavi, and Nigri were very common on that substrate, but their species diversity was 
relatively poor. Therefore, we did not treate these groups of Aspergillius. Considering 
that it is relatively easy to recognize the different types of aspergillli directly on the 
substrate, we tried to select only isolates belonging to sections different to those above 
mentioned. On the other hand, a preliminary selection of penicillia was rather harder 
than in the case of aspergilli, and therefore practically all penicillium-like isolates 
observed on the samples were recovered. A total of 165 isolates, including five from 
soil, were studied (Table 1). Preliminary identification using morphological features and 
BenA phylogeny confirmed that the isolates recovered were Aspergillus (n = 60), 
Penicillium (n = 91) and Talaromyces (n = 10), while four of them could not be 
assigned to any of these genera in spite of exhibiting a penicillium-like morphology. To 
maximize the quality of the alignment, four separate BenA alignments were done 
corresponding to the different genera studied (Figures 1, 7, 12, 15). We also carried out 
additional alignments of the single (data not shown) and combined datasets of the 
different genes corresponding to those genera or sections where putative new species 
resulted included (Figures 2–6, 8–11, 13, 14, 16). The length, number of variable and 
phylogenetic informative sites, and substitution models (for BI) for each dataset are 
summarized in Table 2. All those analyses were performed using ML and BI methods. 
The topologies of the trees obtained by both methods were similar, the ML ones being 
used to represent the results. Bootstrap values and BI posterior probability values were 
marked on relevant branches.  
Final identification of the isolates that resulted from the phylogenetic analysis of 
the different genes and from the exam of their morphological features is shown in Table 
1.  
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The phylogenetic analysis inferred from the 60 Aspergillus isolates with the BenA 
sequences is shown in Figure 1. The alignment was 615 bp long, 408 from which 
resulted variable and 381 phylogenetic informative. ML substitution model was Kimura 
2-parameter (K2) and for BI was General Time Reversible (GTR). Rates among sites 
were Gamma distributed (G) with invariant sites (I), used for both methods. The 
isolates were distributed in 38 different species belonging to the following nine sections 
Nidulantes, Usti, Flavipedes, Terreus, Aspergillus, Candidi, Circumdati, Clavati, Cremei 
and forming seven well-supported main clades (I – VII). Although some of these clades 
(i.e. II, III, IV, and V) do not agree with the subgenera phylogeny of Aspergillus recently 
proposed by Kocsube et al. (2016), the sections in which our isolates are distributed 
remain well delineated and presenting high support values. The species delimitation 
with the BenA ML shows, in general, high support values; nonetheless, the 
identification of some isolates of the sections Candidi, Flavipedes, Terrei and Usti are 
doubtful. However, the genetic distance of such isolates with ex-type strains of the 
nearest species, the BI analysis, and the ML analysis with restricted alignments for 
each section showed that there is not enough variation to consider these isolates 
different from those species already described. Probably, long alignments including 
many sections can cause distortions in the tree topology, especially in the terminal 
branches. This phenomenon makes difficult to reveal phylogenetically relationships 
between close species, however single trees from each section give more robust 
identification. 
Clade I grouped the sections Nidulantes and Usti of the subgenus Nidulantes. 
In the first one (90% bs/0.99 pp), eleven isolates were identified as A. aureolatus (n=1), 
A. austroafricanus (n=1), A. fructus (n=1), A. nidulans (n=3), A. rugulosus (n=1), A. 
sydowii (n=3), and A. viridicatenatus (n=1). The section Nidulantes included the 
majority of species formerly known as Emericella, which were transferred to Aspergillus 
by Samson et al. (2014) following the new critera for fungal nomenclature. Note that 
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the current concept of this section by Chen et al. (2016a) also includes the members of 
the former section Versicolores (Jurjevic et al. 2012; Siqueira et al. 2016). We agree 
with Chen et al. (2016a) that Nidulantes is one of the sections with a higher species 
diversity on dung.  
The section Usti (93% bs/0.99 pp) comprised four isolates belonging to three 
known species, i.e. A. calidoustus (n=1), A. insuetus (n=1) and A. pseudodeflectus 
(n=2), and one isolate (FMR 15225) that could represent an undescribed species. 
Single (data not shown) and concatenate (Figure 2) analyses of most of the species 
currently accepted in this section (Samson et al. 2014) show that FMR 15225 is closely 
related to A. keveii. However, some phenotypic features such as the ability of this 
isolate to grow at 37 ºC, and the genetic distance (98 % similar with BenA; 98.9% % in 
the concatenate dataset) versus the ex-type strain of A. keveii, allow to consider them 
distinct taxa being proposed below as A. calidokeveii. Species of the Usti section are 
relatively common in soil and indoor air, being A. ustus and A. monodii, which were not 
identified in our study, the only species reported on dung (Samson et al. 2011a). 
Clade II comprised the sections Flavipedes (91% bs/1 pp) and Terrei (95% bs/1 
pp), which in our study corresponded to the two sections with the largest number of 
isolates, i.e. 15 (25%) and 10 (16.7%) isolates, respectively. Although members of the 
sections Flavipedes and Terrei are very common in soil and dust (Samson et al. 2011b; 
Hubka et al. 2015), they have not ever been reported from dung. In the section 
Flavipedes, the species identified were A. ardalensis (n=2), A. iizukae (n=2), A. 
micronesiensis (n=2), A. spelaeus (n=5) and A. templicola (n=3); however, although 
FMR 15175 clearly belongs to this section, it did not match with any of the species of 
this group. Both BenA analysis (Figure 1) and the concatenated phylogeny (Figure 3) 
with the currently accepted species of the section (Arzanlou et al. 2016) showed that 
this isolate formed a fully supported clade with the ex-type strain of A. movilensis. 
However, both shows a genetic difference (97.1 % similar with BenA; 98.5 % with the 
concatenate alignment) enough to be considered distinct species. Thus, FMR 15175 is 
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described below as A. albodeflectus sp. nov. It is noteworthy that the most frequent 
Aspergillus species isolated in this study is A. spelaeus (8.33%), a species recently 
described by Hubka et al. (2015) from cave sediment in Spain. 
The section Terrei currently comprises 17 species (Samson et al. 2014) with 
four of them identified in the present study, i.e. A. albamenesis (n=2), A. citrinoterreus 
(n=1), A. floccosus (n=1), A. hortai (n=1), and A. terreus (n=1). However, four isolates 
(FMR 15182, FMR 15228, FMR 15181 and FMR 15217) did not fit morphologically 
either genetically with any species of the section. It is noteworthy that the ML general 
tree based only on BenA presented some doubtful results in the identification of A. 
terreus and A. citrinoterreus isolates (Figure 1). However, when we carried out a 
restricted alignment with only members of the section Terrei and reconstructing the ML 
tree from this alignment, both species could be satisfactory identified (see Figure S1 in 
supplemental material). The concatenated sequence alignment of section Terrei, 
including the four unidentified isolates mentioned above, confirmed that them represent 
three undescribed phylogenetic species (Figure 4). Three species of this secton, i.e. A. 
ambiguous, A. microcysticus and A. neoniveus, were not included in the general 
alignment because of the long genetic distance versus the other species of this group, 
and the first two acted as outgroups in the concatenate phylogeny. Two major clades 
were observed, whereas the first one (98% bs/1 pp) included the isolates FMR 15228 
and FMR 15182, which were phylogenetically distant from A. hortai and A. 
alabamensis, respectively; the second clade (100% bs/1 pp) included the isolates FMR 
15181 and FMR 15217, which formed an independent fully supported lineage clearly 
distant from the other species of the group. These aspergilli are described below as A. 
aurantiosulcatus (FMR 15182), A. fimeti-brunneus (FMR 15228), and A. majoricus 
(FMR 15181 and FMR 15217). 
Clade III corresponded to section Aspergillus (95% bs/1 pp), which included five 
isolates identified as A. chevalieri (n=1), A. montevidensis (n=2), and A. pseudoglaucus 
(n=2). This section included osmophilic organisms, commonly found on organic 
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materials, dust, and cereals (Kozakiewicz 1989). Some members of this group had 
already been isolated from dung (Hubka et al. 2013), showing that it may be a good 
reservoir for species of this section. Particular conditions of the samples, as low water 
activity, may enhance the growth of members of this section in such substrate. 
Clade IV, representing the section Candidi (94% bs/1 pp), included eight of our 
isolates, from which two were identified as A. candidus. Interestingly, the other six 
isolates represented at least four undescribed phylogenetic species. Currently, this 
section comprises six species, two of them described recently, A. pragensis from toe 
nail (Hubka et al. 2014) and A. subalbidus from house dust (Visagie et al. 2014b). The 
concatenated sequence alignment of the six species of the section, using the four 
markers, showed that the unidentified isolates were distributed in three moderate to 
well-supported clades (Figure 5). The first one (99% bs/1 pp) encompassed A. 
subalbidus and A. taichungensis, which were basal to the two new species proposed 
here, A. canariensis and A. verruculosus. Although these two species were very closely 
related, with a similarity between each other of 98.2% in the concatenated alignment, 
their phenotypic differences support their novelty. The second clade (78% bs/0.99 pp) 
included the ex-type strain of A. candidus and, in a separate lineage with a similarity of 
98.5 %, the new species A. longipes. The third clade (96% bs/1 pp) corresponded to A. 
campestris and two isolates recovered from deer dung which showed a genetic 
similarity of 98.3 % respect to the ex-type strain of the former species, and thus 
considered distinct taxa. These two isolates are described below as A. coprophilus. 
The species diversity of the section on herbivore dung seems to be poorly studied and, 
according to our data, this substrate could be a clear reservoir of new species in 
Candidi. Interestingly, the isolates of our new species show a wide geographic 
distribution in Spain, being isolated from Balearic and Canary Islands, Castile and 
Leon, Catalonia, and Galicia. 
Clades V and VI corresponded to the sections Circumdati (96% bs/1 pp) and 
Clavati (99% bs/1 pp), respectively. In the former, the two isolates identified belonged 
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to A. affinis and A. subramanianii, respectively, whereas in the latter the two dung 
isolates were identified as A. clavatus. Aspergillus affinis is a rare species only known 
from submerged leaf litter and soil in Italy and Macedonia, respectively (Davolos et al. 
2012). Aspergillus subramanianii is a widely-distributed species recovered from 
different substrates and countries (Visagie et al. 2014b; c; Siqueira et al. 2017), but it 
has never been reported from animal dung. On the contrary, A. clavatus is frequently 
isolated from dung, soil and even from other types of substrates (Varga et al. 2007a). 
Two isolates were included in the section Cremei (clade VII, 94% bs/1 pp). 
Whereas FMR 14605 could represent a putative new species, the isolate FMR 15216 
was identified as A. europaeus. Despite the recent proposal of this new latter species, 
it is reported as a common fungus on soil (Hubka et al. 2016). The section Cremei 
currently comprises 17 species (Samson et al. 2104), although only the ex-type strains 
of the ten species more closely related to the unidentified isolate have been included in 
the final concatenated phylogeny of the section presented here (Figure 6). The 
concatenated analysis showed that FMR 14605 was closely related to A. dimorphicus, 
forming both a well-supported terminal clade distant from the other species compared. 
Although the isolate FMR 14605 and the ex-type strain of A. dimorphicus showed 
identical ITS, they could be distinguished by BenA (98 % similar) and CaM (98.6 % 
similar) sequences. Additional phylogenies including more sequences of A. 
dimorphicus available in GenBank and of other closely related species, i.e. A. 
chrysellus, A. europaeus and A. wentii (see Figures S2 to S6 in supplemental material) 
supports the novelty of our isolate, which is described below as A. esporlensis.  
 
Penicillium phylogeny  
The phylogenetic tree based on the BenA locus with the 91 isolates of Penicillium is 
shown in Figure 7. The aligned dataset was 404 bp long, with 257 variable sites and 
237 phylogenetic informative. The best substitution model for ML was K2+G, and for BI 
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it was GTR+G+I. In general, the topology of the phylogenetic tree showed well-
delimitated sections.  
The analysis distributed the 91 isolates in at least 38 species belonging to 16 
sections represented by 14 clades (I-XIV). The two major clades coincided with the two 
subgenus currently accepted in Penicillium, i.e. Penicillium and Aspergilloides 
(Kocsubé et al. 2016). The former (84% bs/-- pp) includes the following sections: 
Fasciculata, Roquefortorum, Chrysogena, Penicillium, Robsamsonia, Turbata, 
Paradoxa, Ramosa, Brevicompacta, and Canescentia; and the latter (72% bs/0.99 pp) 
the sections Exilicaulis, Lanata-Divaricata, Stolkia, Citrina, Sclerotiora, 
Cinnamopurpurea and Aspergilloides.  
Clade I (--% bs/0.99 pp), representing the section Fasciculata, included 18 
isolates identified as P. biforme (n=2), P. crustosum (n=15) and P. polonicum (n=1). 
Penicillium crustosum was the most frequent species in this study (14.28%). It is a 
relatively common species, frequently isolated from nuts, meat, cheese, feeds, 
vegetables, and pomaceous and stone fruits (Sonjak et al. 2005). In our study, P. 
crustosum was mainly recovered from Mediterranean areas (Catalonia and Balearic 
Islands), with the only exception of one isolate that was from Galicia.  
Clade II included members of the section Roquefortorum (92% bs/1 pp), a 
section that comprises relevant species used in the cheese industry (Houbraken et al. 
2016). Within the clade clustered three dung isolates (FMR 15031, FMR 15032, and 
FMR 15188), that were related to P. roqueforti but forming an independent and distant 
branch that could represent an undescribed species. Roquefortorum is a small section 
of closely related species (Houbraken et al. 2010). To evaluate possible intra- and 
inter-specific variability within the species currently accepted, i.e. P. carneum, P. 
paneum, P. psychrosexualis and P. roqueforti, and the phylogenetic position of our 
putative new species, we performed an additional analysis with BenA gene (see Figure 
S7 in supplemental material) with more sequences of the species available in 
GenBank. This demonstrated that P. roqueforti is divided in two clades with an intra-
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specific variability of around 0.08%, with our isolates forming a separate branch from P. 
roqueforti complex. The concatenated analysis using ITS, BenA, CaM and RPB2 
(Figure 8) supported the novelty of these three isolates, being therefore proposed as P. 
mediteraneum. Although, P. mediterraneum and P. roqueforti show identical ITS 
barcode, both species have unique BenA, CaM and RPB2 sequences. 
Clades III and IV were formed by mambers of the the sections Chrysogena 
(74% bs/-- pp) and Penicillium (--% bs/1 pp), respectively. In the former, two dung 
isolates were identified as the species P. chrysogenum and P. flavigenum; whereas in 
the latter, other two were identified as P. expansum. Until 2016, the species of the 
section Penicillium had been isolated from very different substrates, including dung; 
however, this section was reevaluated recently, and now mainly contains plant 
pathogenic species (Houbraken et al. 2016). By contrast, the species of the section 
Chrysogena are well-known and usually found on soil, with the exception of P. 
chrysogenum, P. nalgiovense and P. rubens that commonly occur in indoor 
environments (Houbraken et al. 2012). 
Clade V represented the section Robsamsonia, a section recently introduced by 
Houbraken et al. (2016) and that includes the majority of coprophilous species 
described in Penicillium. A total of 18 isolates (19.78%) were included here; thirteen of 
them identified as belonging to the species P. brevistipitatum (n=1), P. concentricum 
(n=2), P. coprobium (n=2), P. coprophilum (n=1), and P. griseofulvum (n=7); the five 
remaining isolates (FMR 15192, FMR 15210, FMR 15211, FMR 16481 and FMR 
16491) could not be assigned to any known species. The preliminary BenA analysis, 
but also the concatenate phylogeny (Figure 9) including the currently accepted species 
in the section, showed that the five isolates grouped together in a very supported and 
undescribed lineage closely related to the ex-type strain of P. glandicola. An additional 
BenA analysis (see Figure S8 in supplemental material) with more sequences of P. 
glandicola showed that our isolates and P. glandicola were 97.4% similar, confirming 
that they were new taxa. The genetic differences and morphological peculiarities 
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observed in such group of isolates allowed to describe the novel species P. 
synnematicola. Interestingly, this species seems to be a common coprophilous fungus 
in the Mediterranean area, since most isolates have been recovered from goat dung 
collected in Catalonia and in the Balearic Islands. 
Clade VI comprised the sections Turbata (95% bs/1 pp) and Paradoxa (94% 
bs/-- pp). In the former, the isolate FMR 15041 closely related to P. bovifimosum, did 
not fit with any species of the section. In Paradoxa, which was the third section with 
most isolates in this study (n=11), two species were identified, P. atramentosum (n=4) 
and P. magnielliptisporum (n=1), and five isolates (FMR 15040, FMR 15104, FMR 
15107, FMR 15191, and FMR 15196) could no be identified at the species level. These 
latter were allocated in three single branches, which could represent three putative new 
species for the genus. The concatenated phylogeny of sections Paradoxa and Turbata 
with the six unidentified isolates is shown in Figure 10. The section Paradoxa was 
divided in two fully supported clades, one with P. crystallinum, P. malodoratum and P. 
paradoxum, and the other one that included the unidentified isolates of the section 
Paradoxa, in addition to the ex-type strains of P. atramentosum, P. magnielliptisporum 
and P. mexicanum. The isolates FMR 15107 and FMR 15404 clustered together, as 
well as FMR 15191 and 15196, and their respective single branches were separated 
from other two terminal branches with FMR 15104 and the ex-type strain of P. 
atramentosum. This latter species has been reported in fact as a species complex 
(Visagie et al. 2014b), from which P. mexicanum and P. magnielliptisporum have 
recently been described as new. The genetic differences showed between the lineage 
of FMR 15107 and FMR 15040 (97.07% similar with BenA; 98.23% similar with 
concatenate dataset), that of FMR 15104 (94.68% similar with BenA; 95% concatenate 
dataset), and that of FMR 15191 and 15196 (96.2% similar with BenA; 96.2% 
concatenate dataset) respect to P. atramentosum, the closest species, allow to 
consider them distinct taxa. These isolates are described below as P. ibericum, P. 
fimosum and P. balearicum, respectively. An additional phylogenetic analysis with 
UNIVERSITAT ROVIRA I VIRGILI 
CLINICAL AND ENVIRONMENTAL ASPERGILLUS: MORPHOLOGICAL AND MOLECULAR CHARACTERIZATION, PHYLOGENY, 
AND ANTIFUNGAL SUSCEPTIBILITY PROFIL·LE 




BenA including more sequences of the most closely related species confirms our 
proposal (see Figure S9 in supplemental material). Paradoxa is the section of 
Penicillium with the highest number of new species found in this study. In section 
Turbata the unidentified isolate (FMR 15041) was placed in the same clade than P. 
bovifimosum, but forming a long terminal branch which proved to be a distinc species. 
Thus, it is described as a new species, P. caprifimosum. Penicillium bovifimosum is a 
monotypic species described from dry cow manure by Tuthill & Frisvad (2002).  
Section Ramosa was represented by the clade VII (97% bs/0.98 pp), which 
included only the isolate FMR 15038. Currently, this section counts with 13 accepted 
species (Visagie et al. 2016a), being P. chroogomphum the most recent species 
described in the group (Rong et al. 2016). Penicillium lanosum and P. kojigenum are 
listed as different species of this section (www.aspergilluspenicillium.org) although 
Samson & Pitt (2000) had considered them conspecific. In the concatenate analysis 
performed with three markers (ITS, BenA, and CaM), since RPB2 sequences were not 
available for all species in the section (Figure 11), the isolate FMR 15038 was placed in 
an independent branch between two clades, each one with two species, P. kojigenum 
and P. lanosum in the first one, and P. jamesonlandense and P. swiecickii in the 
second. The similarity among our isolate and its phylogenetic sisters was 98.3%, 
proving that our isolate is a distinguishing species, proposed here as P. beceitense. 
Clade VIII, the last of the subgenus Penicillium, comprised the sections 
Brevicompacta (99% bs/1 pp) and Canescentia (98% bs/1 pp). In the former, only one 
isolate was identified as P. brevicompactum, a species commonly inhabiting in soil and 
decaying vegetation, but previously described also from food, cereals, textiles, clinical 
specimens and feces of snake (Pitt 1979, Guevara-Suarez et al. 2016). In the section 
Canescentia, seven isolates were identified as P. canescens (n=1), P. murcianum 
(n=3) and P. radiatolobatum (n=3). The use of BenA for species identification within 
this section is difficult, especially to distinguish P. radiatolobatum and P. murcianum. 
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Therefore, the analysis of CaM is recommended to solve this problem (Visagie et al. 
2016a). 
Clade IX corresponded to section Exilicaulis (99% bs/1 pp), in which eight of our 
isolates were included. However, as observed in Apergillus section Terrei, the general 
tree based only on BenA was not useful to identify some isolates of the section, 
especially those belonging to the P. restrictum-clade. However, we confirmed the 
identification of P. arabicum (n=2), P. burgense (n=1), P. cinereoatrum (n=1), P. 
momoii (n=1), and P. rubefaciens (n=2) based on a single BenA analysis of the section 
(see Figure S10 in supplemental material). The only isolate located in P. restrictum-
clade that could not be identified at the species level was FMR 15841. In the most 
recent review of the section, Visagie et al. (2016b) indicated that such clade needs 
further revision since it could include some additional cryptic species. Thus, the 
identification of our isolate remains uncertain until further studies clarifiying the 
taxonomic structure about the P. restrictum-clade. 
In section Lanata-Divaricata (clade X, 92% bs/1 pp), three isolates were 
included. One of them was identified as P. brasilianum, a widespread species 
commonly found on soil and recently also reported from human clinical specimens (Pitt 
1979, Guevara-Suarez et al. 2016); and the other two as P. cremeogriseum, a species 
previously found on forest soil from Ukraine (Houbraken & Samson 2011). To our 
knowledge, this is the first report of P. brasilianum and P. cremeogriseum associated to 
herbivore dung. The section has been recently revised by Visagie et al. (2016a), who 
described 7 new species, mostly from soil. 
The only species identified in our study belonging to section Stolkia (clade XI, 
99% bs/1 pp) was P. canariense. This species was described from soil in Canary 
Islands (Peterson & Sigler 2002), the same geographical origin as our isolate although 
from different substrates. This is the second isolate of this species obtained so far.  
In section Citrina (clade XII, 98% bs/1 pp), five isolates were identified as P. 
citrinum and two as P. sizovae. Although we have not found previous records of these 
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species from dung, they have a worldwide distribution, being isolated from soil, 
foodstuff, and many other types of substrates (Houbraken et al. 2011). This section 
comprises nearly 40 species, but only those identified here were included in the 
analysis to simplify the BenA phylogenetic tree.  
Clade XIII grouped the sections Sclerotiora (77% bs/-- pp) and 
Cinnamopurpurea (96% bs/-- pp). In the former, one isolate was identified as P. 
lilacinoechinulatum and in the latter another one as P. cvjetkovicii. Houbraken and 
Samson (2011) revised the taxonomic position of P. lilacinoechinulatum and P. 
nodositatum and considered both synonyms of P. bilaiae. However, they are currently 
recognized as three distinc species (Visagie et al. 2013). Penicillium cvjetkovicii has 
been recently described from indoor air samples in the USA by Peterson et al. (2015). 
The last clade XIV (99% bs/1 pp) emcompased Penicillium species belongind to 
the section Aspergilloides. The species identified were P. glabrum (n=2), P. 
frequentans (n=2), P. roseoviride (n=2), and P. rudallense (n=1). Penicillium 
frequentans together with P. spinulosum and P. glabrum are the most common species 
in the section, being isolated from a wide range of substrates, including soil, food, bark, 
and indoor environments (Houbraken et al. 2014b). Although currently P. glabrum and 
P. frequentans are accepted as distinc species, they were considered synonyms for a 
long time (Houbraken et al. 2014b). 
 
Talaromyces phylogeny 
The phylogenetic tree based on the BenA locus (Figure 12) shows the relationships of 
the 10 Talaromyces isolates included in the study. The aligned dataset was 384 bp 
long, from which 193 were variable sites and 156 phylogenetic informative. The ML 
substitution model was K2 + G +I, while to BI it was GTR + G +I. Two main clades were 
formed, representing sections Talaromyces (97% bs/1 pp) and Trachyspermi (99% 
bs/1 pp). Six out of nine isolates included in the first section (FMR 15489, FMR15490, 
FMR 15199, FMR 15035, FMR 15307 and FMR 15303) could not be assigned to any 
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known species of that group, whereas the other three were identified as T. muroii (FMR 
15496), T. ruber (FMR 15839) and T. sayulitensi (FMR 15842). Talaromyces muroii 
and T. sayulitensis are considered uncommon species mainly associated to soil and 
indoor environments (Visagie et al. 2014b; Chen et al. 2016b). On the other hand, only 
one isolate (FMR 16441) was included in the section Trachyspermi, which could not be 
identified. 
To resolve the taxonomy of the unidentified isolates in both sections, we 
performed the respective phylogeny using sequences of the ITS, BenA and CaM genes 
and including all accepted species in each section. Although RPB2 was sequenced for 
all isolates, this marker was not incorporated in the concatenated analysis since there 
were not sequences available for all the type strains of this section. The combined 
phylogeny of the members of the section Talaromyces is shown in Figure 13. 
Talaromyces is the largest section in the genus and includes nearly 50 species, 15 of 
them described in the last year from environmental or clinical samples (Cheng et al. 
2016b; Guevara-Suarez et al. 2017; Visagie et al. 2015; Wang et al. 2016, Yilmaz et al. 
2016a;b). Our concatenate dataset showed that the unidentified isolates FMR 15489 
and FMR 15490 exhibited both a similarity of 99.42% respect to the ex-type strain of T. 
angelicus, a monotypic species described by Sang et al. (2013) from roots of Angelica 
gigas in Korea. Although most of their morphological features matched with those of 
the protologue of T. angelicus, we observed some variation respect to the description 
of this species by Yilmaz et al. (2014); i.e, production of diffusible red pigment in one of 
our isolates (FMR 15490), the colonies of our isolates were deep turquoise and pastel 
red rather than yellow to white on MEA, they grew faster at 37 ºC (on CYA 34–37 mm 
diam in 7d vs 25–27 mm in Yilmaz et al. 2014), and exhibited stipes up to 100 μm long 
(up to 120 μm in Yilmaz et al. 2014). On the other hand, the isolate FMR 15199 was 
located in an independent branch clearly distinct from the other species of the section; 
the isolates FMR 15035 and FMR 15307 clustered together and were closely related to 
T. funiculosus but with a genetic difference enoght to be considered distinct species 
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(see also Figure S11 in supplemental material); and the isolate FMR 15303 formed an 
independent branch close to the clade containing T. francoae, T. kendrickii, T. 
mangshanicus, T. qii and T. thailandensis. Based on concatenated phylogenetic 
analysis and supported by phenotypic differences (see taxonomy section), we propose 
the following three new species, T. coprophilus, T. pseudofuniculosus, and T. gamsii, 
respectively. These species can be easily identified with the BenA marker.  
The combined phylogenetic analysis of the section Trachyspermi (Figure 14) 
showed that the isolate FMR 16441 was located in a single branch within the same 
clade that T. albobiverticillius, T. erythromellis, T. heiheensis, and T. solicola (88% 
bs/0.99 pp). Considering the unique phylogenetic position and the morphological 
differences observed, we propose the new species T. catalonicus. With the inclusion of 
these new taxa, the section Trachyspermi currently comprises 18 species, the most 
recently described being T. aerius from indoor air, T. heiheensi from rotten wood, and 
T. minnesotensis from human clinical specimens (Yaguchi et al. 1996; Yilmaz et al. 
2014; Chen et al. 2016b; Wang et al. 2016; Guevara-Suarez et al. 2017). To date, 
there are no reports of the presence of species of this section on dung samples. 
 
Phylogeny of miscelaneous Aspergillaceae 
According to the BenA phylogeny, four of our isolates (FMR 15296, FMR 16442, FMR 
14718, FMR 15299) were related to some penicillia currenly excluded from the genus 
Penicillium (i.e. P. giganteum, P. megasporum and P. nodositaum) but belonging to the 
family Aspergillaceae (Figure 15). The aligned dataset of this analysis consisted in 393 
bp long, from which 242 were variable sites and 216 phylogenetic informative. The best 
substitution model for ML was K2 +G+I and for BI it was GTR +G+I. Whereas FMR 
15296 and FMR 16442 were located in a well-supported clade along with the ex-type 
strain of P. nodositatum, FMR 14718 and FMR 15299 were allocated in a fully 
supported distant clade together with the ex-type strains of P. giganteum and P. 
megasporum. Despite the morphology of these taxa resambles Penicillium, Peterson et 
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al. (2010) based on a multigene phylogeny demonstrated that the two latter species did 
not belong to Penicillium s.str.; and later, Visagie et al. (2013) excluded P. nodositatum 
due to its genetic differences respect to the true penicillia. Phylogenetically, these two 
clades where the mentioned species are allocated could clearly represent two 
undescribed genera in Aspergillaceae. Our phylogeny inferred with sequences of the 
ITS, BenA and RPB2 genes, including the isolates under study and members of 
different genera of Aspergillaceae confirms the proposal of two novel genera (Figure 
16), which are described below as Penicillago (Pgo.), typified by Penicillium 
nodositatum, and Pseudopenicillium (Pse.) with Penicillium giganteum and Penicillium 
megasporum as the type. The former genus being more phylogenetically related with 
Penicillium, whereas the latter resulted a sibling genus of Hamigera such as it was 
previously suggested by Peterson et al. (2010). 
Although in the analysis of BenA sequences (Figure 15), the ex-type strain of P. 
nodositatum and the isolates FMR 15296 and FMR 16442 seemed to be fungi 
genetically very similar, in the concatenated analysis both isolates resulted to be 85% 
similar respect to P. nodositaum (Figure 16). This difference allows us to propose a 
new species for the genus Penicillago, named Pgo. flava, and the new combination for 
P. nodositatum (Pgo. nodositata). Morphologically, Pgo. flava differs from Pgo. 
nodositata mainly by showing better growth on CYA and MEA at 25°C (40–44 mm and 
34–36 mm in 7 days, respectively, vs 13–19 mm and 16–30 mm in Pgo. nodositata). 
Occording to our results, the proper molecular marker for the identification Penicilago 
species is RPB2.  
The isolate FMR 14718 matched morphologically and molecularly with P. 
giganteum, whereas FMR 15299 was placed in a new lineage into the 
Pseudopenicillium clade, being more closely related to P. megarporum (Figures 15, 
16). The morphological differences observed, such as having smaller conidia (up to 6 
μm) than those of the other two species in the genus (conidia up to 12 μm in P. 
giganteum, and up to 10 μm in P. megarporum), and the genetic differences obtained 
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(98% similar to P. giganteum, and 98.16% similar to P. megasporum) allow us to 
propose it as a new species named Pseudopenicillium coprobium.  
 
TAXONOMY 
Aspergillus albodeflectus J.P.Z. Siqueira, D. García & Gené, sp. nov. MycoBank MB 
821808. Figure 17.  
Etymology — Name refers to the white color of the colonies and the commonly 
observed bent conidial heads. 
In — Section Flavipedes 
Specimen examined — Spain, Balearic Islands, Mallorca, Pollença, from 
herbivore dung, February 2016, J. Guarro, M. Guevara-Suarez, J.P.Z. Siqueira 
(holotype CBS H-23128; culture ex-type FMR 15175 = CBS 142665; ITS barcode 
LT798909, alternative markers: BenA LT798936, CaM LT798937, RPB2 LT798938). 
Colony diameter in 7d (mm) — On CYA: 25 ºC 19–21, 30 ºC 20–21, 37 ºC 7–8; 
on MEA: 25 ºC 22–23; on DG18: 25 ºC 17–20; on YES: 25 ºC 20–23; on OA: 25 ºC 8–
10; on CREA: 25 ºC 9–11. 
Colony characters at 25 ºC in 7 d — On CYA, colonies powdery, forming 
concentric circles, mycelium white, margin entire; reverse pale yellow (3A3); 
sporulation dense, with conidial masses white; soluble pigment absent; exudate 
absent. On MEA, colonies powdery, radially sulcate, mycelium white, margin slightly 
lobulate; reverse light yellow (4A5); sporulation dense, with conidial masses white; 
soluble pigment absent; exudate absent. On DG18, colonies velvety, mycelium white, 
margin entire; reverse pale (2A2); sporulation moderately dense, with conidial masses 
white; soluble pigment absent; exudate absent. On YES, colonies powdery, radially 
sulcate, with a slightly elevated center, mycelium white, margin entire; reverse light 
yellow (4A5); sporulation dense, with conidial masses white; soluble pigment absent; 
exudate absent. On OA, colonies with floccose center, powdery towards the periphery, 
mycelium white, margin entire; reverse brownish yellow (5C7); sporulation dense, with 
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conidial masses white; soluble pigment absent; exudate absent. On CREA, acid 
production absent. 
Micromorphology — On MEA, conidiophores biseriate and often with conidial 
heads slightly to strongly bent, loosely columnar, white; stipes commonly septate, 150–
550 x 5–8 µm, smooth, hyaline; vesicles globose to subglobose, 12–20 µm wide, 
hyaline; metulae cylindrical, with the apex slightly wider than the bottom, covering 50% 
to 75% of the vesicle, 6–9 x 3–6 µm, hyaline; phialides flask-shaped, 6–8.5 x 3–5 µm, 
hyaline; conidia globose, 2–4 µm diam, smooth, hyaline. Hülle cells and ascomata not 
observed. 
Differential diagnosis — The species more closely related to A. albodeflectus 
are A. lupii and A. movilensis. However, A. lupii produces bright yellow colonies and A. 
movilensis produces slightly larger colonies on MEA (25– 30 mm) and on CYA at 37 ºC 
(10–17 mm). Moreover, in the latter species, colonies become light brown in age 
(Hubka et al. 2015) and both species present Hülle cells, never observed in A. 
albodefectus. However, the production of Hülle cells could be influenced by the 
composition of the culture media (Hubka et al. 2015). 
 
Aspergillus aurantiosulcatus J.P.Z. Siqueira, Guarro & D. García, sp. nov. 
MycoBank MB 821811. Figure 18.  
Etymology — Name refers to the orange color, characteristic of the colonies 
and also to the furrows commonly observed, especially on CYA. 
In — Section Terrei 
Specimen examined — Spain, Balearic Islands, Mallorca, road near Orient, 
from herbivore dung, February 2016, J. Guarro, M. Guevara-Suarez, J.P.Z. Siqueira 
(holotype CBS H-23187; cultures ex-type FMR 15182 = CBS 142981; ITS barcode 
LT798912, alternative markers: BenA LT798945, CaM LT798946, RPB2 LT798947). 
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Colony diameter in 7 d (mm) — On CYA: 25 ºC 37–39, 30 ºC 56–57, 37 ºC 62–
65; on MEA: 25 ºC 27–28; on DG18: 25 ºC 34–38; on OA: 25 ºC 20–21; on YES: 25 ºC 
55–61; on CREA: 25 ºC 24–26. 
Colony characters at 25 ºC in 7 d — On CYA, colonies floccose, radially and 
concentrically sulcate, mycelium white to pale yellow (3A3), margin entire; reverse 
brownish orange (6C6); sporulation moderately dense, with conidial masses light 
orange (6A4); soluble pigment yellowish brown (5D4); exudate colorless. On MEA, 
colonies floccose, mycelium white to greyish orange (5B3), margin entire; reverse 
brownish orange (6C6); sporulation moderately dense, with conidial masses white to 
yellowish brown (5F5); soluble pigment amber yellow (4B6); exudate yellowish white 
(4A2). On DG18, colonies floccose, mycelium white, margin entire; reverse light yellow 
(4A4) to orange (5A7); sporulation absent; soluble pigment absent; exudate absent. On 
YES, colonies cottony, irregularly sulcate, mycelium white, margin entire; reverse 
orange (6B7); sporulation moderately dense; with conidial masses white to light orange 
(6A5); soluble pigment absent; exudate absent. On OA, colonies powdery, dense at 
center, mycelium greyish orange (5B5), margin entire; reverse pale yellow (4A3) to 
orange (5A6); sporulation dense, with conidial masses light orange (6A5); soluble 
pigment absent; exudate absent. On CREA, acid production absent. 
Micromorphology — On MEA, conidiophores with conidial heads biseriate, 
loosely radiate to columnar, white to brownish orange (5C6); stipes commonly septate, 
110–350 x 2–8 µm, smooth, hyaline; vesicles globose to subglobose, 13–27 µm wide, 
hyaline; metulae cylindrical, with the apex slightly wider than the bottom, 4.5–6.5 x 2–4 
µm, hyaline; phialides flask-shaped, 4–6 x 1.5–3 µm, hyaline; conidia globose to 
subglobose, 1.5–3 µm diam, smooth, hyaline to shades of yellow. Accessory conidia 
not observed. Ascomata not observed. 
Differential diagnosis — Aspergillus aurantiosulcatus is phylogenetically related 
to A. alabamensis. This latter species produces colonies yellowish-brown to cinnamon-
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brown, conidial heads are reported as densely columnar and the vesicles subglobose 
(Balajee et al. 2009).  
 
Aspergillus calidokeveii J.P.Z. Siqueira, D. García & Gené, sp. nov. MycoBank MB 
821814. Figure 19.  
Etymology — Name refers to the genetic similarity with A. keveii and the ability 
to grow at 37°C. 
In — Section Usti 
Specimen examined — Spain, Castile and Leon, Palencia, San Juan Valley, 
from herbivore dung, March 2016, J. Guarro, M. Guevara-Suarez (holotype CBS H-
23129; cultures ex-type FMR 15225 = CBS 142666; ITS barcode LT798914, 
alternative markers: BenA LT798951, CaM LT798952, RPB2 LT798953). 
Colony diameter in 7 d (mm) — On CYA: 25 ºC 36–40, 30 ºC 49–50, 37 ºC 23–
25; on MEA: 25 ºC 32–34; on DG18: 25 ºC 24–25; on YES: 25 ºC 39–41; on OA: 25 ºC 
27–29; on CREA: 25 ºC 22–24. 
Colony characters at 25 ºC in 7 d — On CYA, colonies floccose, slightly sulcate, 
mycelium white to brownish grey (6D2), margin predominantly entire; reverse light 
yellow (4A5) to yellow (3A7); sporulation dense, with conidial masses olive brown 
(4E3); soluble pigment yellow (3A7); exudate colorless to light yellow (4A5). On MEA, 
colonies floccose, mycelium white to brownish grey (6D2), margin entire; reverse light 
yellow (4A5) to yellow (4A8); sporulation dense, with conidial masses yellowish grey 
(3D2); soluble pigment yellow (3A7); exudate absent. On DG18, colonies floccose, 
mycelium white, margin entire; reverse yellowish white (3A2) to greyish yellow (3B5); 
sporulation sparse; soluble pigment yellow (3A7) in 14 days; exudate absent. On YES, 
colonies floccose, with raised center, mycelium white to brownish grey (5C2), margin 
predominantly entire; reverse light yellow (4A4) to greyish orange (6B5); sporulation 
dense, with conidial masses pale grey (1B1) to medium grey (1E1); soluble pigment 
yellow (3A7) weakly produced; exudate absent. On OA, colonies floccose to cottony, 
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mycelium white, margin entire; reverse light yellow (2A4 to 2A5); sporulation dense, 
with conidial masses olive brown (4A6); soluble pigment absent; exudate absent. On 
CREA, acid production absent. 
Micromorphology — On MEA, conidiophores with conidial heads biseriate, 
radiate, pale grey (1B1) to olive brown (4E3); stipes commonly septate, (70)110–300 x 
3–7.5 µm, smooth to verruculose, in shades of brown; vesicles globose, subglobose to 
spatulate, (8.5)11–19 µm wide, in shades of brown; metulae cylindrical, covering 50% 
to 100% of the vesicle, 4.5–7 x 3–5 µm, hyaline to orange brown; phialides flask-
shaped, 7–9 x 2–4 µm, hyaline to orange brown; conidia globose to subglobose, 2.5–5 
µm diam, rough, in shades of brown. Hülle cells abundant, variably shaped, mostly 
elongated, 32–120 x 10–28 µm. Ascomata not observed. 
Differential diagnosis — The present species is phylogenetically related to A. 
keveii, but they can be phenotipically differentiated mainly by the absence of growth at 
37 ºC in the latter (Houbraken et al. 2007). In addition, A. keveii has conidial heads 
loosely columnar with pyriform and smaller (9–13 µm) vesicles (Houbraken et al. 2007), 
while A. calidokeveii exhibits radiate conidial heads with subglobose to spatulate 
vesicles, measuring 11–19 µm wide. 
 
Aspergillus canariensis J.P.Z. Siqueira, Gené & Guarro, sp. nov. MycoBank MB 
821815. Figure 20.  
Etymology — Name refers to the Canary Islands, where the fungus was found.  
In — Section Candidi 
Specimens examined — Spain, Canary Islands, Gran Canaria, Santa Brígida, 
from herbivore dung, September 2016, J. Cano-Lira , D. García, J. Guarro, M. 
Guevara-Suarez (holotype CBS H-23188; cultures ex-type FMR 15736 = CBS 
142982; ITS barcode LT798906, alternative markers: BenA LT798927, CaM 
LT798928, RPB2 LT798929); Teror, from herbivore dung, June 2016, J. Cano-Lira , D. 
García, J. Guarro, M. Guevara-Suarez (FMR 15733 = CBS 142983). 
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Colony diameter in 7 d (mm) — On CYA: 25 ºC 17–20, 30 ºC 19–21, 37 ºC no 
growth; on MEA: 25 ºC 10–13; on DG18: 25 ºC 15–16; on YES: 25 ºC 22–23; on OA: 
25 ºC 13–14; on CREA: 25 ºC 12–13. 
Colony characters at 25 ºC in 7 d — On CYA, colonies floccose, with a slightly 
granulose center, mycelium white, margin entire; reverse pale (5A3) to light orange 
(5C4); sporulation dense, with conidial masses white to reddish white (7A2); sclerotia 
absent; soluble pigment brown (6F7) in 14 d; exudate absent. On MEA, colonies 
floccose, mycelium white, margin slightly lobulate; reverse pale orange (5A3) to 
brownish orange (5C4); sporulation dense, with conidial masses white to yellowish 
white (3A2); sclerotia absent; soluble pigment absent; exudate colorless to yellowish 
white (2A2). On DG18, colonies floccose to velutinous, with submerged mycelium, 
mycelium white to greenish grey (2B2), margin lobulate; reverse yellowish white (3A2); 
sporulation moderately dense, especially at borders, with conidial masses white; 
sclerotia absent; soluble pigment absent; exudate absent. On YES, colonies floccose, 
slightly sulcate, with elevated center, mycelium white, margin slightly lobulate; reverse 
pale yellow (4A3) to brownish orange (5C6); sporulation dense, with conidial masses 
white to greyish white (1B1); soluble pigment absent; exudate absent. On OA, colonies 
slightly granulose to powdery, with submerged mycelium, mycelium white, margin 
irregular; reverse yellowish white (3A2); sporulation moderately dense, with conidial 
masses white; sclerotia absent; soluble pigment absent; exudate colorless. On CREA, 
acid production absent. 
Micromorphology — On MEA, conidiophores with conidial heads biseriate, 
radiate, white to reddish white (7A2); stipes commonly septate, 200–500 x 4–7.5 µm, 
smooth, hyaline; vesicles usually globose, (9)12–27 µm wide, hyaline; metulae 
cylindrical, with the apex slightly wider than the bottom, 6–15(21.5) x 5–8.5 µm, 
hyaline; phialides flask-shaped, 4–8.5 x 2–3 µm, hyaline; conidia globose, 2–4 µm, 
smooth, hyaline. Ascomata not observed. 
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Differential diagnosis — Aspergillus canariensis is similar to A. candidus, A. 
subalbidus and A. verruculosus in its white colonies, smooth conidia and the inability to 
grow at 37 °C, but differs in the absence of penicillium-like structures typically produced 
by A. subalbidus and A. candidus (Visagie et al. 2014b), and also by the absence of 
sclerotia, which are abundantly produced by A. verruculosus on CYA. 
 
Aspergillus coprophilus J.P.Z. Siqueira, D. García & Gené, sp. nov. MycoBank MB 
821816. Figure 21.  
Etymology — Name refers to the substrate where the species was found. 
In — Section Candidi 
Specimens examined — Spain, Castile and Leon, Palencia, Monte el Viejo, 
Deer Reserve Park, from deer dung, March 2016, J. Guarro, M. Guevara-Suarez 
(holotype CBS H-23189; cultures ex-type FMR 15224, CBS 142984; ITSbarcode: 
LT798902, alternative identification markers: BenA LT798915, CaM LT798916, RPB2 
LT798917); Palencia, San Juan Valley, from herbivore dung, March 2016, J. Guarro, 
M. Guevara-Suarez (FMR 15226 = CBS 142985). 
Colony diameter in 7 d (mm) — On CYA: 25 ºC 18–21, 30 ºC 16–18, 37 ºC no 
growth; on MEA: 25 ºC 13–15; on DG18: 25 ºC 12–14; on YES: 25 ºC 26–28; on OA: 
25 ºC 8–12; on CREA: 25 ºC 5–7. 
Colony characters at 25 ºC in 7 d — On CYA, colonies floccose at the center, 
granulose towards the periphery due to the production of scletoria, mycelium white, 
margin lobulated; reverse light yellow (4A4) to becoming dark brown (9F5) after 14 d; 
sporulation dense, with conidial masses yellowish white (4A2); sclerotia abundant, dark 
brown (9F5 to 7F4); soluble pigment dark purple (14F3) present after 14 d; exudate 
clear to yellowish white (4A2). On MEA, colonies similar to those on CYA; sclerotia 
absent; soluble pigment dark purple (14F3) in 14d; exudate absent. On DG18, colonies 
floccose, mycelium white to orange white (5A2), margin entire; reverse colorless; 
sporulation absent; sclerotia absent; soluble pigment absent; exudate absent. On YES, 
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colonies floccose, slightly sulcate, mycelium white, margin slightly lobulate; reverse 
pale yellow (4E3) to orange brown (4B7); sporulation dense, with conidial masses 
white; sclerotia absent; soluble pigment absent; exudate absent. On OA, colonies with 
aerial mycelium scarce, white, margin entire and with submerged mycelium; reverse 
white; sporulation sparse, only at the center and the periphery, with conidial masses 
white; sclerotia absent; soluble pigment absent; exudate absent. On CREA, poor 
growth, acid production absent. 
Micromorphology — On MEA, conidiophores with conidial heads biseriate, 
radiate, white; stipes commonly septate, 300–650 x 5–11 µm, smooth, hyaline; vesicles 
globose to subglobose, occasionally diminutive, (5)13–27 µm wide, hyaline; metulae 
cylindrical, with the apex slightly wider than the bottom, 7–13 x 5–6 µm, hyaline; 
phialides flask-shaped, 5–8 x 2–3 µm, hyaline; conidia subglobose to ellipsoidal, 3–6 x 
2–4 µm, smooth, hyaline; sclerotia usually globose to subglobose, 300–1100 µm, dark 
brown (9F5 to 7F4). Ascomata not observed. 
Differential diagnosis — Aspergillus coprophilus is closely related to A. 
campestris, A. candidus and to the new species described here A. longipes. 
Aspergillus campestris and A. longipes can be distinguished by the absence of 
sclerotia and the former also by the production of sulphur yellow colonies (Varga et al. 
2007b). Aspergillus candidus differs by its whitish or yellowish brown colony reverse on 
CYA after 14 d (Hubka et al. 2014), while in A. coprophilus this is dark brown.  
 
Aspergillus esporlensis J.P.Z. Siqueira, Gené & Guarro, sp. nov. MycoBank MB 
821817. Figure 22.  
Etymology — Name refers to the town where the species was found.  
In — Section Cremei 
Specimen examined — Spain, Balearic Islands, Mallorca, Esporles, from soil 
mixed with dung, Juny 2012, J. Gené (holotype CBS H-23139; cultures ex-type: FMR 
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14605 = CBS 142750; ITS barcode LT798908, alternative markers: BenA LT798933, 
CaM LT798934, RPB2 LT798935). 
Colony diameter in 7 d (mm) — On CYA: 25 ºC 25–27, 30 ºC 5–6; 37 ºC no 
growth; on MEA: 25 ºC 19–20; on DG18: 25 ºC 33–35; on YES: 25 ºC 44–48; on OA: 
25 ºC 12–13; on CREA: 25 ºC 14–16. 
Colony characters at 25 ºC in 7 d — On CYA, colonies cottony to floccose, 
mycelium white to greyish yellow (4B4), margin slightly lobulate; reverse pale yellow 
(4A3); sporulation dense, with conidial masses light yellow (4A4) to golden (4C6), 
soluble pigment absent; exudate clear to yellowish white (3A3). On MEA, colonies 
cottony, mycelium white to light brown (5D5), margin predominantly entire; reverse 
greyish yellow (3B6); sporulation dense, with conidial masses light yellow (3A5) to 
golden brown (5D7); soluble pigment absent; exudate clear to yellowish white (3A3). 
On DG18, colonies cottony to lanose, mycelium white, margin entire; reverse white; 
sporulation sparse, with conidial masses white to yellow (3A6), soluble pigment absent; 
exudate absent. On YES, colonies floccose, cottony towards periphery, mycelium white 
to light brown (5D5), margin slightly lobulate; reverse pale yellow (3E3); sporulation 
dense, with conidial masses light yellow (3A5) to brown (5E5); soluble pigment absent; 
exudate absent. On OA, colonies floccose, mycelium white to light brown (5D5), margin 
lobulate; reverse greyish orange (5B5); sporulation dense, with conidial masse light 
orange (5A5) to brown (5E5); soluble pigment absent; exudate absent. On CREA, acid 
production weak. 
Micromorphology — On MEA, conidiophores with conidial heads biseriate, radiate, 
white to golden brown (5D7); stipes commonly septate, 200–600 x 4.5–10 µm, smooth, 
often verruculose towards the apical part , subhyaline; vesicles globose to spatulate, 
11.5–50 µm wide, hyaline; metulae cylindrical, 7–15.5 x 5–12 µm, hyaline; phialides 
flask-shaped, 8–11 x 3–5 µm, hyaline; conidia globose to subglobose, sometimes 
ellipsoidal, 4–5.5 x 3–5.5 µm, rough, in shades of brown. Ascomata not observed. 
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Differential diagnosis — The closest related species to A. esporlensis is A. 
dimorphicus. Although the two species are genetically distinct, morphologicaly they are 
rather similar. However, A. dimorphicus was described with swollen metulae and 
branched conidiophores (Mehrotra and Prasad 1969), features not observed in A. 
esporlensis. Moreover, A. dimorphicus has very delicately roughened conidia, while in 
A. esporlensis they are clearly roughened. Other closely related species are A. wentii 
and A. europaeus. Colonies of A. wentii on MEA tend to grow slowly and often with 
white masses of sterile hyphae on colony surface (Raper and Fennell 1965); A. 
europaeus has mostly pyriform vesicles and produces yellow soluble pigment on MEA 
(Hubka et al. 2016). Other phylogenetically related species is A. chrysellus which by 
contrast produces the sexual morph. 
 
Aspergillus fimeti-brunneus J.P.Z. Siqueira, Gené & D. García, sp. nov. MycoBank 
MB 821818. Figure 23.  
Etymology — Name refers to the substrate where it was isolated (dung) and the 
brown color of the colonies. 
In — Section Terrei 
Specimen examined — Spain, Andalusia, Huelva, Doñana National Park, near 
Rocina stream, from herbivore dung, March 2016, D. García (holotype CBS H-23140; 
cultures ex-type FMR 15228 = CBS 142751; ITS barcode LT798913, alternative 
markers: BenA LT798948, CaM LT798949, RPB2 LT798950). 
Colony diameter in 7 d (mm) — On CYA: 25 ºC 37–40, 30 ºC 62–65, 37 ºC 67–
70; on MEA: 25 ºC 28–30; on DG18: 25 ºC 42–44; on YES: 25 ºC 65–67; on OA 29–
32: 25 ºC; on CREA: 25 ºC 32–34. 
Colony characters at 25 ºC in 7 d — On CYA, colonies floccose, cottony 
towards the periphery, radially sulcate, mycelium white to pale yellow (4A3), margin 
slightly lobulate; reverse brownish orange (6C6); sporulation dense, with conidial 
masses brown (6E6); soluble pigment greyish orange (5B6) weakly produced; exudate 
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yellowish white (3A2). On MEA, colonies floccose, mycelium white to pale grey (1B1), 
margin entire; reverse golden (4C6); sporulation dense, with conidial masses white to 
dark brown (6F6); soluble pigment greyish orange (5B6) weakly produced; exudate 
colorless. On DG18, colonies floccose, dense at center, mycelium white, margin entire; 
reverse light yellow (3A5); sporulation moderately dense, with conidial masses white; 
soluble pigment absent; exudate absent. On YES, colonies floccose to cottony, 
irregularly sulcate, mycelium white to yellowish white (3A2), margin entire; reverse 
orange (5A7) to deep orange (5A8); sporulation moderately dense, with conidial 
masses white to pale white (1A3); soluble pigment absent; exudate absent. On OA, 
colonies powdery, dense at center, mycelium white to greyish orange (5B5), margin 
entire; reverse light orange (5A4); sporulation dense, with conidial masses brown 
(6D7); soluble pigment absent; exudate absent. On CREA, colonies floccose to 
powdery, mycelium white to yellowish white (3A2), margin entire; sporulation 
moderately dense; with conidial masses yellowish white (3A2) to light orange (5A4); 
acid production weak. 
Micromorphology — On MEA, conidiophores with conidial heads biseriate, 
columnar, white to dark brown (6F6); stipes commonly septate, 120–320 x 5–9 µm, 
smooth, hyaline; vesicles globose to subglobose, (9)16–24 µm wide, hyaline; metulae 
cylindrical, with the apex slightly wider than the bottom, covering 50% to 75% of the 
vesicle, 5–7 x 2–3.5 µm, hyaline; phialides cylindrical to flask-shaped, 6–9.5 x 1.5–2.5 
µm, hyaline; conidia globose to ellipsoidal, sometimes tear-shaped, 1.5–3 x 1.5–3 µm, 
smooth, hyaline. Accessory conidia commonly present, borne sessile or on short 
stalks, globose, 3–5.5 µm. Ascomata not observed. 
Differential diagnosis — Aspergillus fimeti-brunneus forms a clade in the section 
Terrei together with A. terreus, A. citrinoterreus, A. hortai and A. neoafricanus. The 
novel species and A. citrinoterreus can be distinguished from the others by the acid 
production on CREA (Samson et al. 2011b). Aspergillus citrinoterreus differs in 
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producing a conspicuous yellow soluble pigment (Guinea et al. 2015), while in A. fimeti-
brunneus it is greyish orange or absent. 
 
Aspergillus longipes J.P.Z. Siqueira, Guarro & D. García, sp. nov. MycoBank MB 
821819. Figure 24. 
Etymology — Name refers to the long conidiophores commonly observed in the 
species. 
In — Section Candidi 
Specimen examined — Spain, Galicia, Ribeira Sacra, Sil Canyon, from 
herbivore dung, June 2016, J. Cano-Lira, J. Guarro, M. Guevara-Suarez (holotype 
CBS H-23141; cultures ex-type FMR 15444 = CBS 142752; ITS barcodeLT798904, 
alternative markers: BenA LT798921, CaM LT798922, RPB2 LT798923). 
Colony diameter in 7 d (mm) — On CYA: 25 ºC 20–23, 30 ºC 11–12, 37 ºC no 
growth; on MEA: 25 ºC 14–17; on DG18: 25ºC 17–18; on YES: 25ºC 28–30; on OA: 
25ºC 12–13; on CREA: 25 ºC 10–11. 
Colony characters at 25 ºC in 7 d — On CYA, colonies cottony to granulose, 
with raised center, mycelium white, margin predominantly entire; reverse pale yellow 
(4A3) to light yellow (4A4); sporulation dense, with conidial masses white to yellowish 
white (4A2); sclerotia absent; soluble pigment absent; exudate colorless. On MEA, 
colonies very similar to CYA but with texture rather cottony than granulose. On DG18, 
colonies powdery to somewhat granulose, mycelium white, margin entire; reverse 
yellowish white (3A2); sporulation dense, with conidial masses white; sclerotia absent; 
soluble pigment absent; exudate absent. On YES, colonies cottony to floccose, with 
raised cottony center, radially sulcate, mycelium white, margin slightly lobulate; reverse 
light yellow (5A4); sporulation dense, with conidial masses white; sclerotia absent; 
soluble pigment absent; exudate absent. On OA, colonies similar to DG18. On CREA, 
colonies powdery, mycelium white; sporulation sparse, acid production absent. 
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Micromorphology — On MEA, conidiophores with conidial heads biseriate, 
radiate, white; stipes commonly septate, 250–820 x 4.5–8 µm, smooth, hyaline; 
vesicles globose to subglobose, (8)12–25 µm wide, hyaline; metulae cylindrical, 5–
10(15.5) x 2–5(8) µm, hyaline; phialides flask-shaped 6–14 x 2–3.5 µm, hyaline; 
conidia subglobose to ellipsoidal, 2–4 x 2–5 µm, smooth, hyaline. Ascomata not 
observed. 
Differential diagnosis — Aspergillus longipes is phylogenetically related to A. 
campestris, A. candidus, and A. coprophilus. However, as mentioned before, A. 
campestris differs by its sulphur yellow colonies (Varga et al. 2007b), and A. candidus 
by the whitish or yellowish brown colony reverse on CYA after 14 days (Hubka et al. 
2014), while A. coprophilus can be maliny differentiated by the production of sclerotia. 
 
Aspergillus majoricus J.P.Z. Siqueira, Gené & Guarro, sp. nov. MycoBank MB 
821820. Figure 25.  
Etymology — Name refers to the Mallorca Island (Spain) where the species was 
found.  
In — Section Terrei 
Specimens examined — Spain, Balearic Islands, Mallorca, Pollença, from 
herbivore dung, February 2016, J. Guarro, M. Guevara-Suarez, J.P.Z. Siqueira 
(holotype CBS H-23190; cultures ex-type FMR 15181 = CBS 142986; ITS barcode 
LT798910, alternative markers: BenA LT798939, CaM LT798940, RPB2 LT798941); 
Mallorca, Pollença, from herbivore dung, February 2016, J. Guarro, M. Guevara-
Suarez, J.P.Z. Siqueira (FMR 15217 = CBS 142987). 
Colony diameter in 7 d (mm) — On CYA: 25 ºC 31–36, 30 ºC 40–44, 37 ºC 42–
50; on MEA: 25 ºC 24–27; on DG18: 25 ºC 23–27; on YES: 25 ºC 33–37; on OA: 25 ºC 
22–25; on CREA: 25 ºC 22–26. 
Colony characters at 25 ºC in 7 d — On CYA, colonies floccose, radially 
sulcate, mycelium white, margin slightly lobulate; reverse light yellow (4A4) to orange 
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yellow (4A6); sporulation dense, with conidial masses white to pale yellow (3A3); 
soluble pigment yellowish brown (5D5) weakly produced; exudate colorless to pale 
yellow (2A3). On MEA, colonies floccose to cottony, mycelium white, margin entire; 
reverse light yellow (4A4) to yellowish brown (5D5); sporulation moderately dense, with 
conidial masses white to light yellow (4A4); soluble pigment absent; exudate colorless 
to orange white (5A2). On DG18, colonies floccose to velvety, with submerged 
mycelium towards the periphery, mycelium white, margin predominantly entire; reverse 
white to light yellow (3A5); sporulation dense, with conidial masses white; soluble 
pigment absent; exudate absent. On YES, colonies floccose, irregularly sulcate, with 
elevated center, mycelium white, margin lobulate; reverse light yellow (4A4), with 
brown (6E6) areas; sporulation dense, with conidial masses white; soluble pigment 
light yellow (4A4 to 4A5) weakly produced; exudate absent. On OA, colonies powdery, 
more dense at the center, with submerged mycelium towards the periphery, mycelium 
white, margin predominantly entire; reverse yellowish white (3A2), deep green (28D8) 
areas may be observed; sporulation dense, with conidial masses white; soluble 
pigment absent; exudate absent. On CREA, acid production absent. 
Micromorphology — On MEA, conidiophores with conidial heads biseriate, 
columnar, occasionally loosely radiate, white to light yellow (4A4); stipes commonly 
septate, 130–650 x 2.5–6.5 µm, smooth, hyaline; vesicles subglobose to spatulate, 
(4.5)10–18 µm wide, hyaline; metulae cylindrical, 4.5–6.5 x 2–3.5 µm, hyaline; 
phialides flask-shaped, 3.5–5 x 1.5–2.5 µm, hyaline; conidia globose to subglobose, 2–
3 µm diam, smooth, hyaline. Accessory conidia absent. Penicillium-like conidiophores 
often present. Ascomata not observed. 
Differential diagnosis — Aspergillus majoricus is phylogenetically related to A. 
niveus, A. carneus and A. allahabadii; but clearly constituting a distinct species. 
Aspergillus carneus differs in its vinaceous fawn colonies (Raper and Fennell 1965), in 
contrast to those of A. majoricus which remain light. Aspergillus allahabadii were 
reported with greenish glaucus-blue conidial heads (Mehrotra and Agnihotri 1962), 
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wheares those of A. majoricus are white to light yellow. Aspergillus majoricus and A. 
niveus are phenotypically very similar; however, A. niveus shows colony reverse on 
Czapek agar dark yellow through brown to greenish black, its conidia are rarely 
globose, and the conidiophores can be up to 1000 µm long (Raper and Fennell 1965). 
 
Aspergillus verruculosus J.P.Z. Siqueira, Gené & D. García, sp. nov. MycoBank MB 
821821. Figure 26.  
Etymology — Name refers to the verruculose conidiophores commonly 
observed. 
In — Section Candidi 
Specimen examined — Spain, Canary Islands, Gran Canaria, North Coast, from 
herbivore dung, September 2016, J. Cano-Lira , D. García, J. Guarro, M. Guevara-
Suarez (holotype CBS H-23130; cultures ex-type: FMR 15877 = CBS 142667; ITS 
barcode LT798907, alternative markers: BenA LT798930, CaM LT798931, RPB2 
LT798932). 
Colony diameter in 7 d (mm) — On CYA: 25 ºC 18–19, 30 ºC 16–17, 37 ºC no 
growth; on MEA: 25 ºC 10–12; on DG18: 25 ºC 12–13; on YES: 25 ºC 25–27; on OA: 
25 ºC 12–13; on CREA: 25 ºC 8–9. 
Colony characters at 25 ºC in 7 d — On CYA, colonies granulose, with raised 
center, mycelium white, margin lobulate; reverse brownish orange (5C5); sporulation 
dense, with conidial masses white to orange white (5A2); sclerotia usually formed 
around the border of the colony, greyish yellow (4B3) to greyish orange (5B5), darker 
with age; soluble pigment dark brown (9F5) in 14 d; exudate colorless. On MEA, 
colonies floccose to cottony, mycelium white, margin lobulated; reverse light yellow 
(3A5); sporulation dense, with conidial masses white; sclerotia absent; soluble pigment 
absent; exudate clear to yellowish white (3A2). On DG18, colonies floccose to loosely 
cottony, mycelium white, margin predominantly entire; reverse yellowish white (2A3); 
sporulation moderately dense, with conidial masses white; sclerotia absent; soluble 
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pigment absent; exudate absent. On YES, colonies floccose, with raised cottony 
center, slightly sulcate, mycelium white, margin slightly lobulate; reverse light yellow 
(4A4) to brownish orange (6C6), darker towards the center; sporulation dense, with 
conidial masses white; sclerotia  reddish grey (7B2) to brownish orange (7C4); soluble 
pigment absent; exudate absent. On OA, colonies powdery to granulose, otherwise 
very similar to the colonies in DG18. On CREA, poor growth, acid production absent. 
Micromorphology — On MEA, conidiophores with conidial heads biseriate, radiate, 
white; stipes commonly septate, (60)190–500 x 3–6.5 µm, smooth to often verruculose, 
hyaline; vesicles globose to subglobose, (5)9–18 µm wide, hyaline; metulae cylindrical, 
with the apex slightly wider than the bottom, covering 75% to 100% of the vesicle, 4.5–
10 x 3.5–5.5(7) µm, hyaline; phialides flask-shaped, 4.5–8 x 1.5–3 µm, hyaline; conidia 
globose, 2.5–3.5 µm, smooth, hyaline; sclerotia globose to elongate, 200–800 x 160–
500 µm. Ascomata not observed. 
Differential diagnosis — This species is genetically related to A. subalbidus and A. 
canariensis.  Aspergillus verruculosus is the only species with ornamented stipes, but 
also can be distinguished by the sclerotia, which are purplish black in A. subalbidus 
(Visagie et al. 2014b), greyish yellow (4B3) to greyish orange (5B5) in A. verruculosus, 
and absent in A. canariensis. 
 
Penicillium balearicum Guevara-Suarez, Cano & Gené, sp. nov. MycoBank MB 
822061. Figure 27. 
Etymology — Name referred to the geographic area, Balearic Islands, where 
the fungus was isolated. 
In — Section Paradoxa 
Specimens examined — Spain, Balearic Islands, Mallorca, Pollença, from 
herbivore dung, February 2016, J. Guarro, M. Guevara-Suarez, J.P.Z. Siqueira 
(holotype CBS H-23215; culture ex-type FMR 15191 = CBS 143044; ITS barcode 
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LT899762, alternative markers: BenA LT898227, CaM LT899758, RPB2 LT899760); 
Mallorca, Pollença, from herbivore dung, February 2016, Guarro, M. Guevara-Suarez, 
J.P.Z. Siqueira (FMR 15196). 
Colony diameter in 7 d (mm) — On CYA: 25 ºC 25–36, 30 °C 5–6, 37 °C no 
growth; on MEA: 25 ºC 14–17, 30 °C 4–6; on YES: 25 ºC 36–45, 30 ºC 4–6; on OA: 25 
ºC 26–30, 30 ºC 2–6; on DG18: 25 ºC 14–27, on CREA: 25 ºC 14–20.  
Colony characters at 25º C in 7 d — On CYA, colonies velvety, flat, mycelium 
white, sporulation dense, conidial masses dark dull green (28E3), margin dentate; 
reverse pale orange (5A3); exudate present, pale droplets; soluble pigment absent. On 
MEA, colonies velvety, elevated, sporulation dense, conidial masses dark dull green 
(28E3), margin lobate; reverse light orange (5A4); exudate and soluble pigment absent. 
On DG18, colonies flat and velvety, mycelium white, sporulation dense, conidial 
masses dull green (27D4); reverse greenish white (27B2). On YES, colonies 
cerebriform, raised at the center, concentrically sulcate, mycelium white, sporulation 
dense at the center, with conidial masses greenish white (27C2), margin lobate; 
reverse bright orange red (8A8); exudate present, small brown (7E8/7E6) droplets; 
soluble pigment absent. On OA, colonies fasciculate, mycelium white, sporulation 
dense, with conidial masses greenish grey (28B2); exudate and soluble pigment 
absent. On CREA, acid production strong. 
Micromorphology — On MEA, conidiophores mostly terverticillate; stipes 250–
500 x 2–2.5 μm, smooth; metulae three to four per branch, divergent, 10–14 x 2–3 μm; 
phialides three to four per metulae, ampulliform, 7–10 x 2–2.5 μm; conidia  globose to 
subglobose, 2.2–2.5 x 2–3 μm, smooth-walled, brownish yellow.  
Differential diagnosis — Penicillium balearicum is phylogenetically related to 
species of the P. atramentosum-clade, which included six species i.e P. atramentosum, 
P. balearicum, P. fimosum, P. ibericum (the latter three described here), P. 
magnielliptisporum and P. mexicanum. Penicillium atramentosum, P. balearicum, P. 
magnielliptisporum and P. mexicanum have stipe and conidia smooth, but the latter two 
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species have larger conidia (5 x 4 μm in P. magnielliptisporum, 4 x 3.5 μm in P. 
mexicanum), and P. atramentosum can be differentiated by the production of red 
soluble pigment on CYA and by the absence of growth at 30 ºC (Pitt 1979; Frisvad & 
Samson 2004). Penicillium balearicum differs from P. fimosum and P. ibericum mainly 
by having longer stipes (up to 500 μm long), by the production of abundant brown 
exudate droplets on YES, and by the strong acid production on CREA. 
 
Penicillium beceitense Guevara-Suarez, Gené & Guarro, sp. nov. MycoBank MB 
822063.  Figure 28. 
Etymology — Name referred to Beceite, the town where the fungus was found. 
In — Section Ramosa 
Specimens examined — Spain, Aragon, Beceite, from herbivore dung, February 
2016, J. Guarro, M. Guevara-Suarez, E. Rosas, (holotype CBS H-23183; cultures ex-
type FMR 15038 = CBS 142989; ITS barcode LT899780, alternative markers: BenA 
LT898229, CaM LT899764, RPB2 LT899798). 
Colony diameter in 7 d (mm) — On CYA: 25 ºC 25–27, 30 °C no growth, 37 °C 
no growth; on MEA: 25 ºC 23–25; on YES: 25 ºC 26–28; on OA: 25 ºC 26–30; on 
DG18: 25 ºC 19–20, on CREA: 25 ºC 3–5.  
Colony characters at 25º C in 7 d — On CYA, colonies sunken at the center, 
slightly radially sulcate, velvety, mycelium white, sporulation dense, with conidial 
masses dull green (25E4), margin entire; reverse greyish green (28C5); exudate and 
soluble pigment absent. On MEA, colonies flat, velvety, mycelium white, sporulation 
dense, with conidial masses conidial masses dull green (25E4), margin entire; reverse 
orange (5A6) to greenish grey (30C2); exudate and soluble pigment absent. On DG18, 
colonies flat, velvety, mycelium white, sporulation dense, conidial masses dull green 
(26E4), margin entire; reverse greyish green (30B5). On YES, colonies radially sulcate, 
velvety, mycelium white, sporulation dense, with conidial masses dark green (27F14), 
margin lobate; reverse greyish yellow (4B5); exudate and soluble pigment absent. On 
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OA, colonies flat, velvety, sporulation dense, conidial masses dark dull green (28D4), 
margin entire; reverse greenish grey (30C2); exudate and soluble pigment absent. On 
CREA, acid production absent. 
Micromorphology — On MEA, conidiophores terverticillate, a minor proportion 
monoverticillate; stipes 190–250 x 3.5–4 μm, smooth; branches 30–40 μm; metulae 
three to five per branch, divergent, cylindrical, 10–12 (15) x 2.5–3 μm; phialides four to 
six per metulae, ampulliform, 8–10 x 2.5–3 μm; conidia mostly globose, 2.5–3 x 2.5–3 
μm, smooth-walled, dull-green.  
Differential diagnosis — Penicillium beceitense is closely related to P. lanosum 
and P. kojigenum, two species that are indistinguishable according to our phylogeny of 
the section Ramosa (Figure 11). To date, there is no updated description for either P. 
lanosum or P. kojigenum. The protologue of P. kojigenum described conidia rough-
walled, measuring 2.2–2.6 μm (Smith 1961). A relevant feature that distinguishes P. 
beceitense from other species of the section, such as P. chroogomphum, P. 
jamesonlandense, P. lanosum, P. ribium, and P. soppii, is the absence of growth at 30 
ºC. 
 
Penicillium caprifimosum Guevara-Suarez, D. García & Cano, sp. nov. MycoBank 
MB 822064. Figure 29. 
Etymology — From the Latin capra= 'goat', and fimosum = 'dung-dwelling', 
describing the subtrate from where the species was isolated. 
In — Section Turbata 
Specimens examined — Spain, Catalonia, Els Ports Natural Park, from goat 
dung, February 2016, J. Guarro, M. Guevara-Suarez, E. Rosas (holotype CBS H-
23184; culture ex-type FMR 15041 = CBS 142990; ITS barcode: LT899781, alternative 
markers: BenA LT898238, CaM LT899765, RPB2 LT899799) 
Colony diameter in 7 d (mm) — On CYA: 25 ºC 30–35, 30 °C 35–38, 37 °C 18–
20; on MEA: 25 ºC 24–26, 30 °C 19–21, 37 °C 8–10; on YES: 25 ºC 25–24, 30 ºC 30–
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31; on OA: 25 ºC 23–25, 30 ºC 28–30, 37 °C 9–11; on DG18: 25 ºC 16–21, on CREA: 
25 ºC 3–6. 
Colony characters at 25º C in 7 d — On CYA, colonies flat, velvety, mycelium 
white, sporulation dense, with conidial masses dull green (28E5), margin entire; 
reverse purplish grey (14B2); exudate absent; soluble pigment pinkish (12A2). On 
MEA, colonies flat, velvety, sporulation dense, conidial masses dark dull green (28E3), 
margin lobate; reverse pale yellow (4A3) to greenish grey (26B3); exudate and soluble 
pigment absent. On DG18, colonies velvety, flat, mycelium white, sporulation dense, 
conidial masses dull green (27D4); reverse greyish green (27B5). On YES, colonies 
velvety, raised at the center, cerebriform, mycelium greenish white (27A2), sporulation 
sparse, margin lobate; reverse light brown (7D5); exudate and soluble pigment absent. 
On OA, colonies granulose and flat, radially sulcate towards the periphery, mycelium 
white, sporulation dense, conidial masses dull green (28E2), margin entire; reverse 
colorless; exudate and soluble pigment absent. On CREA, acid not produced. 
Micromorphology — On MEA, conidiophores mostly biverticillate sometimes 
with subterminal branches; stipes smooth-walled, 100–250 x 3–3.5 μm; metulae three 
to four per branch, appressed, 10–12 x 2–3 μm; phialides three to four per metulae, 
ampulliform, 8–10 x 2–2.5 μm; conidia mostly globose, 2–2.5 x 2.5–3 μm, smooth-
walled, brownish yellow.  
Differential diagnosis — Penicillium caprifimosum can be differentiated from the 
closest related species, P. bovifimosum, by its better growth at 25 ºC and 37º C on 
CYA. The maximum colony diameter reported for P. bovifimosum is 16–21 mm on 
MEA and 25–29 mm on CYA in 7 days at 25 ºC and 6 mm on CYA at 37 ºC. 
Furthermore, P. bovifimosum is characterized by producing cleistothecia (Tuthill & 
Frisvad 2002), which are absent in P. caprifimosum. 
 
Penicillium fimosum Guevara-Suarez, Guarro & D. García, sp. nov. MycoBank MB 
822069. Figure 30. 
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Etymology — Name referred to the substrate from where the species was 
isolated. 
In — Section Paradoxa 
Specimens examined — Spain, Catalonia, Pratdip, from hervibore dung, 
February 2016, D. García (holotype CBS H-23185; culture ex-type FMR 15104 = CBS 
142991; ITS barcode: XXXXXX, alternative markers: BenA LT898273, CaM XXXXXX, 
RPB2 XXXXX). 
Colony diameter in 7 d (mm) — On CYA: 25 ºC 31–34, 30 °C 3–4, 37 °C no 
growth; on MEA: 25 ºC 25–30, 30 °C no growth; on YES: 25 ºC 50–55, 30 ºC 5–7; on 
OA: 25 ºC 25–27, 30 ºC no growth; on DG18: 25 ºC 16–20, on CREA: 25 ºC 20–23.  
Colony characters at 25º C in 7 d — On CYA, colonies velvety, slightly radially 
sulcate at the center, mycelium white, sporulation dense, conidial masses dark dull 
green (26E4), margin lobate; reverse greyish orange (6B4) at the center, greyish green 
(28C3) towards the periphery; exudate and soluble pigment absent. On MEA, colonies 
irregular, flat, velvety, sporulation dense, conidial masses dark dull green (28E3), 
margin crenate; reverse light orange (5A4) to dull green (28D4) at the center, colorless 
towards the periphery; exudate and soluble pigment absent. On DG18, colonies 
velvety, flat, mycelium white, sporulation dense, conidial masses dull green (27D4); 
reverse greenish white (27B2). On YES, colonies irregularly sulcate, slightly raised at 
the center, mycelium white, sporulation dense, with conidial masses dull green (26E5), 
margin almost entire and fimbriate; reverse bright orange red (8A8) at the center;  
exudate and soluble pigment absent. On OA, colonies slightly granulose, mycelium 
white, sporulation dense, conidial masses greyish green (28E7); exudate and soluble 
pigment absent. On CREA, moderate acid production. 
Micromorphology — On MEA, conidiophores mostly biverticillate, some 
irregularly branched; stipes 70–130 x 2.5–3(4) μm, smooth; metulae three to four per 
branch, rather divergent, 8–14 x 2.5–3(4) μm; phialides three to four per metulae, 
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ampulliform, (6)8–10 x 2.5–3 μm; conidia globose to subglobose, 2.5–3 x 2.5–3(4) μm, 
smooth, brownish yellow.  
Differential diagnosis — Penicillium fimosum is closely related to P. 
atramentosum and to the other novel species P. ibericum described here within the P. 
atramentosum-clade. The two former species differ from P. ibericum by the absence or 
by having a very restrictive growth at 30ºC. Penicilium atramentosum can be 
distinguished by the production of exudate, soluble pigment and colony reverse on 
CYA of reddish brown color, features absent in P. fimosum. Moreover, this latter has 
shorter stipes (70–130 μm) than P. atramentosum (300–500 μm) (Pitt 1979).  
 
Penicillium ibericum Guevara-Suarez, Cano & D. García, sp. nov. MycoBank MB 
822070. Figure 31. 
Etymology — Name referred to the occurrence of the species in the Iberian 
Peninsula. 
In — Section Paradoxa 
Specimens examined — Spain, Catalonia, Els Ports Natural Park, from 
herbivore dung, February 2016, J. Guarro, M. Guevara-Suarez, E. Rosas (holotype 
CBS H-23186; culture ex-type FMR 15040 = CBS 142992; ITS barcode: LT899782, 
alternative markers: BenA LT898285, CaM  LT899766, RPB2 LT899800); Galicia, Las 
Dunas de Corrubedo Natural Park, from soil, February 2016, D. García (FMR 15107). 
Colony diameter in 7 d (mm) — On CYA: 25 ºC 31–35, 30 °C 18–21, 37 °C no 
growth; on MEA: 25 ºC 18–20, 30 °C 8–9; on YES: 25 ºC 33–35, 30 ºC 18–20; on OA: 
25 ºC 21–23, 30 ºC no growth; on DG18: 25 ºC 5–6; on CREA: 25 ºC 21–22.  
Colony characters at 25º C in 7 d — On CYA, colonies flat, velvety, sulcate, 
mycelium white, sporulation dense, conidial masses dark dull green (26E4), margin 
slightly lobate; reverse reddish brown (9E5) to reddish (9A2); exudate present, with 
pale red (10A3) droplets; soluble pigment absent. On MEA, colonies, velvety and flat, 
sporulation dense, conidial masses dark dull green (28E3); reverse light orange (5A4), 
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margin slightly irregular; exudate and soluble pigment absent. On DG18, colonies 
sunken in the middle, velvety, mycelium white, sporulation moderate, conidial masses 
dull green (27D4); reverse greenish white (27B2). On YES, velvety, sulcate, mycelium 
white, sporulation dense, conidial masses dull green (26E5), margin crenate; reverse 
orange grey (5B3); exudate and soluble pigment absent. On OA, colonies irregular, 
granulose, mycelium white, sporulation dense, conidial masses greyish green (28E7); 
reverse colorless; exudate and soluble pigment absent. On CREA, moderate acid 
production. 
Micromorphology — On MEA, conidiophores ter- to quarterverticillate; stipes 
70–150 x 2–3 (4) μm, smooth; metulae two to four per branch, divergent, 8–12 x 2–2.5 
μm; phialides three to four per metulae, ampulliform, 8–10 x 2.5–3 μm; conidia 
globose, 2.5–3 x 2.5–3 μm, smooth, dull green.  
Differential diagnosis — Penicillium ibericum is closely related to P. 
atramentosum and P. fimosum. It can be distinguished by having shorter stipes (70–
150 μm) than P. atramentosum (300–500 μm) (Pitt 1979), and for growing more 
restricted on YES (33–35 mm diam) and DG18 (5–6 mm) at 25º C than P. fimosum 
(YES 50–55 mm, DG18 16–20 mm). 
 
Penicillium mediterraneum Guevara-Suarez, Gené & Cano, sp. nov. MycoBank MB 
822071. Figure 32. 
Etymology — Name referred to the geographical area where the species was 
found. 
In — Section Roquefortorum 
Specimens examined: Spain, Balearic Islands, Mallorca, Puigpuñent, from 
herbivore dung, February 2016, J. Guarro, M. Guevara-Suarez, J.P.Z. Siqueira 
(holotype CBS H-23143; culture ex-type FMR 15188 = CBS 142754; ITS barcode: 
LT899784, alternative markers: BenA LT898291, CaM LT899768, RPB2 LT899802); 
Catalonia, Els Ports Natural Park, herbivore dung, February 2016, J. Guarro, M. 
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Guevara-Suarez, E. Rosas, (FMR 15031 = CBS 142755); Catalonia, Els Ports Natural 
Park, herbivore dung, February 2016, J. Guarro, M. Guevara-Suarez, E. Rosas (FMR 
15032). 
Colony diameter in 7 d (mm) — On CYA: 25 ºC 45–60, 30 °C 24–26, 37 °C no 
growth; on MEA: 25 ºC 45–60, 30 °C 23–26; on YES: 25 ºC >60, 30 ºC 35–40; on OA: 
25 ºC 31–38, 30 ºC 8–15; on DG18: 25 ºC 43–45; on CREA: 25 ºC 22–25.  
Colony characters at 25º C in 7 d — On CYA, colonies flat, velvety, mycelium 
white, sporulation dense, conidial masses dull green (25E4), margin entire; reverse 
greyish green (28C5); exudate and soluble pigment absent. On MEA, colonies flat, 
velvety, mycelium white, margin crenate, sporulation dense, with conidial masses 
conidial masses dull green (25E4), margin irregular, slightly lobulate, reverse greyish 
green (28E5); exudate and soluble pigment absent. On DG18, colonies flat, velvety, 
mycelium white, sporulation dense, conidial masses dull green (26E4), margin entire; 
reverse greyish green (30C6). On YES, colonies velvety, raised at the center, 
concentrically sulcate, mycelium white, sporulation dense, conidial masses dull green 
(26E4), margin entire and fimbriate; reverse greyish green (28C6); exudate and soluble 
pigment absent. On OA, colony cottony, mycelium white, sporulation dense, conidial 
masses dark dull green (28D4), margin entire; reverse colorless; exudate and soluble 
pigment absent. On CREA, moderate acid production. 
Micromorphology — On MEA, conidiophores bi- to terverticillate; stipes 50–100 
x 2.5–3 μm, rough-walled; metulae two to three per branch, appressed, cylindrical, 10–
14 x 2–3 μm; phialides two to four per metulae, ampulliform, 10–13 x 2–3 μm; conidia 
mostly globose, 2.5–4 (–5) x 2–4 μm, smooth, dull-green.  
Differential diagnosis — All species of the section Roquefortorum, including P. 
mediterraneum, show a good growth on CYA and MEA and present rough-walled 
conidiophores. Penicillium roquefortii is the closest related species to P. 
mediterraneum, and it can be distinguished by a more restricted growth on CYA at 
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30ºC (5–15 mm diam.) and by its blackish green colony reverse on YES (Frisvad & 
Samsom 2004; Houbraken et al. 2010). 
 
Penicillium synnematicola Guevara-Suarez, D. García & Guarro, sp. nov. MycoBank 
MB 822072. Figure 33. 
Etymology — Name referred to the formation of synnemata. 
In — Section Robsamsonia 
Specimens examined — Spain, Balearic Islands, Mallorca, Camí Vell d'Orient, 
from goat dung, February 2016, J. Guarro, M. Guevara-Suarez, J.P.Z. Siqueira 
(holotype CBS H-23132, culture ex-type FMR 15192 = CBS 142669; ITS barcode: 
LT898167, alternative markers: BenA LT898172, CaM LT898137, RPB2 LT898142); 
Mallorca, Escorca, from goat dung, February 2016, J. Guarro, M. Guevara-Suarez, 
J.P.Z. Siqueira (FMR 15210); Mallorca, Camí Vell d'Orient, from goat dung, February 
2016, J. Guarro, M. Guevara-Suarez, J.P.Z. Siqueira (FMR 15211); Catalonia, 
Barcelona, Montseny Natural Park, from herbivore dung, April 2017, J. Gené, M. 
Guevara-Suarez, I. Iturrieta-González (FMR 16481 = CBS 143045); Catalonia, Poblet, 
from herbivore dung, March 2017, J. Guarro, Guevara-Suarez, I. Iturrieta-González 
(FMR 16491 = CBS 143046). 
Colony diameter in 7 d (mm) — On CYA: 25 ºC 33–37, 30 °C 9–10, 37 °C no 
growth; on MEA: 25 ºC 11–13, 30 °C 5–7; on YES: 25 ºC 30–34, 30 ºC 9–17; on OA: 
25 ºC 31–38, 30 ºC 8–15; on DG18: 25 ºC 17–19; on CREA: 25 ºC 6–9.  
Colony characters at 25º C in 7 d — On CYA, colonies granular, raised at the 
center, mycelium white, sporulation dense, conidial masses dark dull green (25E4), 
margin dentate; reverse light orange (5A5); exudate present, consisting of small 
hyaline droplets; soluble pigment absent. On MEA, colonies fasciculate due to the 
presence of small feathery synnemata, mycelium white, sporulation dense, with 
conidial masses dark green (28F5), margin crenate; reverse orange (6B8); exudate 
absent and soluble pigment deep orange (5A8). On DG18, colony velvety, mycelium 
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white, sporulation dense, conidial masses dull green (27E4); reverse greyish orange 
(5B3). On YES, colonies granular, raised at the center, radially sulcate, mycelium 
white, sporulation dense, conidial masses dull green (27E4), margin dentate; reverse 
brownish orange (6C8); exudate and soluble pigment absent. On OA, colony strongly 
fasciculate, mycelium white, sporulation dense, conidial masses dark dull green 
(27E4), margin crenate; reverse yellowish white (4A); exudate and soluble pigment 
absent. On CREA, weak acid production. 
Micromorphology — On MEA, synnemata present, up to 1 mm long; 
conidiophores ter- to quaterverticillate; stipes 100–218 x 3–4 μm, coarsely roughened; 
metulae three to four per branch, rather appressed, cylindrical, smooth to 
conspicuously roughened, 10–14 x 2–3 μm; phialides two to four per metulae, 
ampulliform, 10–13 x 2–3 μm; conidia subglobose to broadly ellipsoidal, 2.5–3 x 2–2.5 
μm, smooth, hyaline.  
Differential diagnosis — Section Robsamsonia include some species producing 
synnemata, such as P. coprophilum, P. glandicola and P. vulpinum (Houbraken et al. 
2016). Penicillium synnematicola can be easily differentiated from P. coprophilum and 
from P. vulpinum since both have smooth-walled conidiophore stipes, as well as 
branches and metulae. The closest phylogenetic species is P. glandicola, which 
exhibits like P. synnematicola coarsely roughened stipes and branches. However, the 
former can be distinguished by its orange brown to brown and bright orange-red colony 
reverse on CYA and YES, respectively, it tends to have a more restricted growth on 
CYA (17–30 mm) and YES (19–36 mm), its phialides are shorter (7.5–10.5 μm long) 
and the conidia are yellow green (Houbraken et al. 2016).  
 
Penicillago Guevara-Suarez, Gené & D. García, gen. nov. MycoBank MB 822073.  
Etymology — Name referred to the morphological similarity to Penicillium 
In — Family Aspergillaceae 
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Mycelium partly superficial and partly immersed, composed of septate, branched, 
canary yellow to chrome yellow hyphae. Conidiophores composed of long, septate, 
hyaline stipes, often terminating in a small vesicle from which born a verticil of metulae, 
giving symmetrically biverticillate penicilli, occasionally irregulary branched; metulae 
appressed to divergent, cylindrical to somewhat obpyriform, bearing in a compact 
verticil of conidiogenous cells. Conidiogenous cells phialidic, ampulliform to acerose, 
with a fine and long neck. Conidia dry, catenate, with conspicuous disjunctors, 
subglobose to ellipsoidal, coarsely equinulate, subhyaline to brown; conidial chains 
short to moderately long. Sexual morph unknown. 
Type species — Penicillago nodositata (Valla) Guevara-Suarez, Gené & D. 
García. 
Notes — The genus Penicillago is introduced to accommodate Penicillium 
nodositatum and a new species collected from herbivore dung. It is noteworthy that the 
taxonomy of the former species has been controversial. Initially, Valla et al. (1989) 
classified P. nodositatum in the Subgenus Biverticillium since its morphological affinity 
with members of the series Islandica (Pitt 1979). Later, based on molecular data, it was 
considered as member of the Penicillium section Sclerotiora and tentatively placed in 
synonymy with P. bilaiae by Houbraken and Samson (2011), despite the morphological 
differences in the conidiophore structure (biverticillate in P. nodositatum vs 
monoverticillate in P. bilaiae). However, with the revaluation of both species and new 
sequence data, Visage et al. (2013) showed they were distinct species. These authors 
also noticed that P. nodositaum was related to P. kabunicum, however sequences of 
this latter species are not currently available for comparison. The possibility to examine 
other two isolates morphologically similar but with different DNA sequences from the 
ex-type strain of P. nodositatum allows us to delineate a new genus of penicillium-like 
fungi in the family Aspergillaceae. 
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Penicillago flava Guevara-Suarez, D. García & Cano, sp. nov. MycoBank MB 
822075. Figure 34.  
Etymology— From Latin flavus = yellow, name referred to the characteristic 
color of the colonies. 
Specimen examined — Spain, Balearic Islands, Mallorca, from wild pig dung, 
February 2016, J. Guarro, M. Guevara-Suarez, J.P.Z. Siqueira (holotype CBS H-
23182; culture ex-type FMR 15296 = CBS 142988; ITS barcode: LT899787, alternative 
markers: BenA LT898312, CaM LT899771, RPB2 LT899805). Extremadura, Badajoz, 
Granja de Torrehermosa, from herbivore dung, December 2016, J. Cano-Lira (FMR 
16442). 
Colony diameter in 7 d (mm) — On CYA: 25 ºC 40–44, 30 °C 34–36, 37 °C 7–8; 
on MEA: 25 ºC 34–36, 30 °C 24–27, 37 °C 0–3; on YES: 25 ºC 50–55, 30 ºC 45–55, 37 
ºC 11–10; on OA: 25 ºC 24–26, 30 ºC 22–24, 37 ºC 4–6; on DG18: 25 ºC 2–3; on 
CREA: 25 ºC 22–30.  
Colony characters at 25º C in 7 d — On CYA, colonies cottony, slightly sulcate, 
mycelium light yellow (3A5) to white, sporulation sparse in 7d, conidial masses 
yellowish brown (5E8) after 14 d, margin fimbriate; reverse greyish orange (5B4) at the 
centre, colorless towards the periphery; exudate and soluble pigment absent. On MEA, 
colonies slightly cottony, flat, mycelium light yellow (3A5) to white, sporulation dense 
after the 14 d, with conidial masses dark green (28F5), margin slightly fimbriate; 
reverse light yellow (4A4); exudate and soluble pigment absent. On DG18, colonies 
restricted, flat, mycelium white, sporulation absent, margin entire; reverse colorless; 
exudate and soluble pigment absent. On YES, colonies velvety, raised at the center, 
irregularly sulcate, mycelium yellow (3A7) to white, sporulation sparse, margin 
fimbriate; reverse greyish orange (5B5); exudate and soluble pigment absent. On OA, 
colony slightly cottony, mycelium white, sporulation sparse, margin entire; reverse 
yellowish white (4A2); exudate and soluble pigment absent. On CREA, acid production 
absent. 
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Micromorphology — On MEA, conidiophores usually symmetrically biverticillate, 
occasionally irregularly branched; stipes 200–300 x 2.5–3 μm, often with a small 
vesicle in the apice, 3.5-5.5 μm wide, smooth, hyaline; metulae divergent, cylindrical to 
somewhat obpyriform, 9–10 (15) x 3–4(5) μm; phialides four to seven per metulae, 
ampulliform, tapering abruptly to a long, slender neck, 6–8(9) x 2.5–3.5 μm; conidia 
subglobose to broadly ellipsoidal, coarsely echinulate, 2.5–4 x 3–4(5) μm, pale brown. 
Differential diagnosis — Penicillago flava can be easily differentiated from its 
sister species, Pgo. nodositata, by its better growth on CYA (40–44 mm diam) and 
MEA (34–36 mm) at 25°C in 7d, it is able to growth at 37º C and has pale brown 
conidia. Penicillago nodositata grows at least more restricted on CYA at 25ºC (13–19 
mm in 7d), it is unable to grow at 37°C and has brown conidia (Valla et al. 1989).  
 
Penicillago nodositata (Valla) Guevara-Suarez, Gené & D. García, comb. nov. 
MycoBank MB 822074. 
Basionym: Penicillium nodositatum Valla, Pl. Soil 114: 142–146 1989. 
Description and illustration: See Valla et al. (1989).  
 
Pseudopenicillium Guevara-Suarez, Cano & Guarro, gen. nov. MycoBank MB 
822076. 
Etymology — Pseudo- meaning "false"-, name referred to the morphological 
similarity but not belonging to Penicillium. 
In — Family Aspergillaceae 
Mycelium partly superficial and partly immersed, composed of septate, branched, 
hyaline to subhyaline hyphae. Conidiophores undifferentiated, reduced to 
conidiogenous cells arising directly from the main hyphae, or differentiated composed 
of short to moderately long, aseptate or few septate, hyaline to brown stipes, 
terminating in an irregular penicilli; penicilli varying from monoverticillate to partly 
biverticillate, with few metulae bearing each a verticil of conidiogenous cells; metulae 
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terminal or subterminal, generally divergent, cylindrical or apically inflated. 
Conidiogenous cells phialidic, ampulliform, with swollen base and tapering abruptly to a 
slender neck of varialble length. Conidia dry, catenate, with conspicuous disjunctors, 
globose to subglobose, with spinulose walls, brown, dark in masses; conidial chains 
short. Sexual morph unknown. 
Type species — Pseudopenicillium megasporum (P. A. Orpurt & D. I. Fennell) 
Guevara-Suarez, Cano & Guarro. 
Notes — The genus Pseudopenicillium is proposed to accommodate a new 
species and two species previously classified in the genus Penicillium, P. giganteum 
and P. megasporum, being this latter selected as the type since it was the firstly 
described. These two latter species were recovered from soil samples in UK and India, 
respectively, and despite their different geographical origin, P. giganteum and P. 
megasporum were considered conspecific by Pitt (1979) because their strong 
morphological similarity. In addition, this author created the series Megasporus to 
include both P. megasporum and P. asperosporium, since the little morphological 
affinity with other groups of Penicillium (Pitt 1979). However later on, whereas P. 
asperosporium was phylogentically proved to be member of Penicillium section 
Aspergilloides (Visage et al. 2014), other multigene studies (Peterson et al. 2010; 
Houbraken and Samson 2011) demonstrated that P. megasporum and P. giganteum 
were distinct species and that they were phylogenetically related to members of the 
genus Hamigera, but without statistical support to be included in this latter genus. Our 
phylogeny confirms this relationships, showing that Hamigera and the mentioned 
Penicillium species comprises two sister clades with enough genetic difference to be 
considered distinct genus (Figures 15, 16). Morphologically, the novel genus 
Pseudopenicillium differs from Hamigera in the lack of sexual morph and by its brown 
spinulose conidia, and from Penicillium and Penicillago mainly by its short and often 
irregularly branched conidiophores producing conidia in short chains. 
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Pseudopenicillium coprobium Guevara-Suarez, D. García & Gené, sp. nov. 
MycoBank MB 822079. Figure 35.  
Etymology— Name referred to the source of isolation of the fungus. 
Specimen examined — Spain, Castile and Leon, Palencia, from herbivore dung, 
March 2016, J. Guarro, M. Guevara-Suarez (holotype CBS H-23133; culture ex-type 
FMR 15299 = CBS 142670; ITS barcode: LT899789, alternative markers: BenA 
LT898315, RPB2 LT899807).  
Colony diameter in 7 d (mm) — On CYA: 25 ºC 26–30, 30 °C 30–32, 37 °C 6–9; 
on MEA: 25 ºC 13–17, 30 °C 22–24, 37 °C 3–5; on YES: 25 ºC 24–26, 30 ºC 35–38, 37 
ºC 23–25; on OA: 24–26, 30 ºC –34, 36 ºC 14–16; on DG18: 25 ºC 16–17; on CREA: 
25 ºC 18–20.  
Colony characters at 25º C in 7 d — On CYA, colonies flat, velvety, mycelium 
white, sporulation dense, central area with conidial masses dark green (29F3), margin 
entire; reverse pale yellow (4A3); exudate and soluble pigment absent. On MEA, 
colonies growing moderately, velvety, slightly umbonate, mycelium white, sporulation 
dense, with conidial masses olive-yellow (3C8) to olive (3F8), margin lobate; exudate 
and soluble pigment absent; reverse greyish yellow (2B4). On YES, colonies dome-
shaped, velvety, mycelium white, sporulation absent, margin entire; reverse pale yellow 
(4A3); exudate and soluble pigment absent. DG18, colones velvety, slightly sulcate, 
mycelium white, sporulation dense, with conidial masses dull green (28E3), margin 
entire; reverse yellowish white (4A3). On OA, colonies cottony, mycelium white, 
sporulation dense, with conidial masses dark green (29F3), margin fimbriate; exudate 
and soluble pigment absent. On CREA, strong acid production. 
Micromorphology — On MEA, conidiophores short, arising as lateral branches 
from the hyphae, monoverticillate, sometimes biverticillate; stipes 10–35 x 2.5–3 μm, 
cylindrical, without vesicle, smooth to fine verruculose, hyaline; metulae divergent, 
cylindrical, 9.5–10 x 2.5–3 μm; phialides in verticils of two to four on the stipe or per 
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metulae, ampulliform with swollen base, tapering abruptly to a slender neck, (6)7.5–9 x 
2.5–3 μm; conidia globose, 5–5.5 x 6 μm, spinulose, thick-walled, pale brown to brown. 
Differential diagnosis — Pseudopenicillium coprobium is closely related to Pse. 
giganteum and Pse. megasporum, and all them have a very similar conidiogenous 
apparatus and produce globose spinulose conidia. However, they can be distinguished 
by the conidial size, being up to 6 μm in Pse. coprobium and larger in other two species 
(up to 12 μm in Pse. giganteum, and up to 10 μm in Pse. megasporum). In addition, 
Pse. megasporum has a more poor growth on CYA at 25 ºC (15–25 mm) and shows 
vesiculate stipes (Pitt 1979; Peterson et al. 2010).  
 
Pseudopenicillium giganteum (R.Y. Roy & G. N. Singh) Guevara-Suarez, Gené & 
Cano, comb. nov. MycoBank MB 822077. 
Basionym: Penicillium giganteum R.Y. Roy & G.N. Singh, Trans Br Mycol Soc 51:805. 
1968. 
Specimen examined — Spain, unknown geographic region, from soil (FMR 
14718). 
Descriptions and illustrations: See Roy and Singh (1968) and Peterson et al. 
(2010). 
Notes — The isolate identified in the current study represents the second 
specimen of this taxa found so far. In general, its morphological features are consistent 
with those of the species giving by Roy and Singh (1968). 
 
Pseudopenicillium megasporum (P. A. Orpurt & D. I. Fennell) Guevara-Suarez, 
Cano & Guarro, comb. nov. MycoBank MB 822078. 
Basionym: Penicillium megasporum P. A. Orpurt & D. I. Fennell. Mycologia 47: 233, 
1955. 
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Descriptions and illustrations: See Orpurt & Fennell (1955), Pitt (1979) and Peterson et 
al. (2010). 
Talaromyces catalonicus Guevara-Suarez, Gené & Guarro, sp. nov. MycoBank MB 
822080. Figure 36. 
Etymology — Name referred to the region, Catalonia, from where the fungus 
was isolated. 
In — Section Trachyspermi 
Specimens examined — Spain, Catalonia, Poblet, from herbivore dung, 
February 2017, J. Guarro, M. Guevara-Suarez, I. Iturrieta-González (holotype CBS H-
23212; culture ex-type FMR 16441 = CBS 143039; ITS barcode: LT899793, alternative 
identification markers: BenA LT898318, CaM LT899775, RPB2 LT899811). 
Colony diameter in 7 d (mm) — On CYA: 25 ºC 35–40, 30 °C 38–40, 37 °C 15–
18; on MEA: 25 ºC 17–19, 30 °C 19–20, 37 °C 16–18; on YES: 25 ºC 45–50, 30 ºC 50–
55, 37 °C 25–30; on OA: 25 ºC 40–45, 30 ºC 40–42, 37 °C 12–14; on DG18: 25 ºC 20–
22, on CREA: 25 ºC 17–19.  
Colony characters at 25º in 7 d — On CYA, colonies velvety, radially sulcate, 
mycelium white, sporulation dense, conidial masses dull green (27E4), margin lobate; 
reverse greyish orange (5B4); exudate absent, soluble pigment only at 30 and 37°C, 
light yellow (3A5) to light orange (5A6). On MEA, colonies velvety, flat, sporulation 
dense, with conidial masses greyish green (27E5), margin entire; reverse yellow (2B8); 
exudate and soluble pigment absent. On DG18, colonies flat, slightly cotton at the 
center, velvety in the periphery, mycelium white, sporulation dense, conidial masses 
dull green (26E5), margin entire; reverse greyish green (28B4). On YES, colonies 
raised at the center, irregularly sulcate, mycelium white, sporulation dense, with 
conidial masses dark green (30F3), margin entire; reverse orange yellow (4B8); 
exudate and soluble pigment absent. On OA, colonies velvety, flat, mycelium white, 
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sporulation dense, conidial masses dark green (27F3), margin entire; reverse greenish 
grey (29C2); exudate and soluble pigment absent. On CREA, weak acid production.  
Micromorphology — On MEA, conidiophores mono- to biverticillate, sometimes 
irregularly branched, stipes (40) 100–130 x 2–2.5 μm, smooth-walled, hyaline; metulae 
divergent, 10–11 x 2–2.5 μm; phialides four to six per metulae, acerose, (7) 8–10 x 2–
2.5 μm; conidia globose to subglobose, 2–2.5 x 1.8–2 μm, smooth, brownish yellow. 
Ascomata not observed. 
Differential diagnosis — The most closely related species to T. catalonicus are 
T. albobiverticillius, T. erythromellis, T. heiheensis and T. solicola. Talaromyces 
catalonicus is characterised by its ability to grow at 37 °C; in contrast, the above-
mentioned species do not grow or grow very restricted at this temperature. 
 
Talaromyces coprophilus Guevara-Suarez, Cano & D. García, sp. nov. MycoBank 
MB 822088. Figure 37. 
Etymology — Name referred to the source of isolation of the fungus. 
In — Section Talaromyces 
Specimens examined — Spain, Balearic Islands, Mallorca, Escorca, from 
herbivore dung, February 2016, J. Guarro, M. Guevara-Suarez, J.P.Z. Siqueira 
(holotype CBS H-23144; culture ex-type FMR 15199 = CBS 142756; ITS barcode: 
LT899794, alternative identification markers: BenA LT898319, CaM LT899776, RPB2 
LT899812). 
Colony diameter in 7 d (mm) — On CYA: 25 ºC 38–40, 30 °C 40–45, 37 °C 30–
35; on MEA: 25 ºC 33–35, 30 °C 30–35, 37 °C 21–24; on YES: 25 ºC 45–50, 30 ºC 50–
55, 37 °C 38–42; on OA: 25 ºC 35–40, 30 ºC 40–45, 37 °C 25–26; on DG18: 25 ºC no 
growth, on CREA: 25 ºC 8–10.  
Colony characters at 25º C in 7 d — On CYA, colonies slightly raised at the 
center, velvety, mycelium light yellow (4A5) to white, sporulation absent to sparse, with 
margin entire and fimbriate; reverse light orange (5A4); soluble pigment and exudate 
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absent. On MEA, colonies slightly raised at center, velvety, flat, mycelium light yellow 
(4A5) to white, conidial sporulation absent to sparse, young ascomata visible, margin 
fimbriate; reverse light orange (5A4); soluble pigment and exudate absent. On YES, 
colonies raised at center, velvety, mycelium pinkish (7A3) to white, sporulation absent, 
with margin entire; reverse brownish orange (7C6); exudate absent and soluble 
pigment brownish red (10C7). On OA, colonies granular, flat, with young ascomata 
visible, conidial sporulation sparse, margin fimbriate; reverse greenish grey (28C3); 
exudate and soluble pigment absent. On CREA, strong acid production.  
Micromorphology — On MEA, conidiophores mono- to biverticillate, stipes 40–
70 x 2–2.5 μm, smooth, hyaline; metulae rather appressed, 10–12 x 2.5–3 μm; 
phialides three to four per metulae, acerose, 9–12 (14) x 2–2.5 μm; conidia ellipsoidal, , 
2–3 x 2.5–3 μm, smooth -walled, brownish yellow. Ascomata after 1–2 wk of incubation 
on OA and MEA at 25 °C, bright orange to orange-red, globose, 200–310 μm diam, 
with peridal hyphae branched and verruculose; asci globose to subglobose, 6–7 x 7–9 
(10) μm; ascospores ellipsoidal, 3.5–4 × 3–4 μm, spiny, thick-walled, golden yellow. 
Differential diagnosis — Talaromyces coprophilus is characterised by the 
production of orange-red ascomata with spiny ellipsoidal ascospores, by the lack of 
growth on DG18, and by having a rapid growth on the other culture media and 
temperatures tested. Phylogenetically, it forms an independent and distant branch in an 
unsupported clade along with the ex-type strains of T. cnidii, T. flavovirens, T. 
funiculosus, T. macrosporus, T. pseudofuniculosus (described here) T. rapidus, and T. 
siamensis are found (Figure 13). Morphologically, T. coprophilus resembles to T. 
flavovirens and T. macrosporus in the production of sexual morph; however, these two 
latter species mainly differs by having a slower growth on CYA at 25 ºC (19–20 mm in 
T. flavovirens, 22–28 mm in T. macrosporus), and larger ascospores (4–7 × 3–4 μm in 
T. flavovirens, 5.5–6.5 × 4.5–5.5 μm in T. macrosporus) (Yilmaz et al. 2014). 
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Talaromyces gamsii Guevara-Suarez, Cano & Guarro, sp. nov. MycoBank MB 
822089. Figure 38. 
Etymology — Named as a tribute to the excellent mycologist Walter Gams. 
In — Section Talaromyces 
Specimens examined — Spain, Andalusia, La Rocina, Doñana National Park, 
from soil, March 2016, D. García (holotype CBS H-23213; culture ex-type FMR 15303 
= CBS 143040; ITS barcode: LT899795, alternative markers: BenA LT898320, CaM 
LT899777, RPB2 LT899813).  
Colony diameter in 7 d (mm) — On CYA: 25 ºC 13–15, 30 °C 11–15, 37 °C no 
growth; on MEA: 25 ºC 25–29, 30 °C 26–30; on YES: 25 ºC 20–23, 30 ºC 10–15; on 
OA: 25 ºC 12–15, 30 ºC 10–14; on DG18: 25 ºC no growth, on CREA: 25 ºC 8–10.  
Colony characters at 25º C in 7 d — On CYA, colonies slightly raised at the 
center, flat towards the periphery, velvety, mycelium white, sporulation dense, with 
conidial masses olive (1E8) to greenish yellow (1A7), margin entire; reverse dark 
orange (5D8) to yellowish orange (4A7); exudate absent; soluble pigment yellowish 
orange (4A8). On MEA, colonies velvety, flat, sporulation dense, conidial masses 
greyish green (30C7), margin slightly fimbriate and with submerged mycelium; reverse 
vivid red (9A8) to pale red (9C3); exudate and soluble pigment absent. On YES, 
colonies raised at the center, velvety, with mycelium pinkish (11A2) to white; 
sporulation sparse, margin entire; reverse brownish red (10D6) to pastel red (10B4); 
exudate absent; soluble pigment brownish red (10C7). On OA, colonies granular, 
mycelium white, sporulation dense, with conidial masses deep green (28D8), margin 
regular and slightly fimbriate; reverse greenish grey (28C3); exudate and soluble 
pigment absent. On CREA, acid production absent.  
Micromorphology — On MEA, conidiophores symmetrically biverticillate; stipes 
150–220 x 2.5–3 μm, smooth-walled; metulae three to four, divergent, 8–11 x 2–3.5 
μm; phialides acerose, four to six per metulae, 9–11 x 2–3 μm; conidia globose to 
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subglobose, 2.5–3 x 2.5–3(4) μm, finely rough-walled, brownish yellow. Ascomata not 
observed. 
Differential diagnosis — Talaromyces gamsii is related to T. francoae, T. 
kendrickii, T. qii, T. mangshanicus and T. thailandensis. All these species were 
characterized by the lack of growing at 37 ºC and by having ampulliform phialides. 
However, T. gamsii can be distinguished easily by the absence of growth on DG18 and 
by its restricted growth on CYA (13–15 mm). In addition to T. gamsii and T. coprophilus 
(also describe here), there are other Talaromyces species reported to be unable to 
grow on DG18, such as T. subinflatus and T. udagawae but they belong to other 
sections (Yilmaz et al. 2014). 
 
Talaromyces pseudofuniculosus Guevara-Suarez, D. García & Gené, sp. nov. 
MycoBank MB 822090. Figure 39. 
Etymology — –pseudo, meaning "false"-, name referred to its phylogenetic 
relationship and morphological resemblance to T. funiculosus. 
In — Section Talaromyces 
Specimens examined: Spain, Andalusia, La Rocina, Doñana National Park, 
from herbivore dung, March 2016, D. García (holotype CBS H-23214; culture ex-type 
FMR 15307 = CBS 143041; ITS barcode: LT899796, alternative markers: BenA 
LT898323, CaM LT899778, RPB2 LT899814). Catalonia, Els Ports Natural Park, from 
herbivore dung, February 2016, J. Guarro, M. Guevara-Suarez & E. Rosas (FMR 
15035).  
Colony diameter in 7 d (mm) — On CYA: 25 ºC 36–43, 30 °C 45–40, 37 °C 31–
35; on MEA: 25 ºC 24–29, 30 °C 43–45, 37 °C 23–26; on YES: 25 ºC 34–35, 30 ºC 40–
44, 37 °C 32–34; on OA: 25 ºC 33–38, 30 ºC 42–45, 37 °C 27–30; on DG18: 25 ºC 12–
15, on CREA: 25 ºC 2–4.  
Colony characters at 25º C in 7 d — On CYA, colonies slightly raised at center, 
radially sulcate, cottony, mycelium white, sporulation dense, conidial masses greyish 
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green (29D5), with margin entire; reverse dark orange (5D8); soluble pigments and 
exudate absent. On MEA, colonies velvety to cottony, flat, sporulation dense, conidial 
masses greyish green (28D5), margin entire to slightly crenate; reverse deep yellow 
(5A4) to greyish green (30C5); exudate and soluble pigment absent. On YES, colonies 
slightly raised at the center, sulcate, cottony, mycelium white, sporulation dense in the 
center, conidial masses greyish green (27D4), margin entire; reverse olive yellow 
(3C7); exudate and soluble pigments absent. On DG18, colonies flat and velvety, 
mycelium white; moderate sporulation, conidial masses dull green (27D4); reverse 
greenish white (27B2). On OA, colonies slightly granular, sporulation dense, conidial 
masses greenish grey (28B2), margin entre; reverse greyish green (30C5); exudate 
and soluble pigment absent. On CREA, acid production strong. 
Micromorphology — On MEA, conidiophores mostly biverticillate; stipes 40–70 
x 2.5–3 μm, smooth, brownish yellow; metulae three to four, mostly appressed, 8–10 x 
2–3 μm; phialides three to four per metulae, acerose, 8–10 (11) x 2–3 μm; conidia 
mostly ellipsoidal, 2–3 x 1.5–2(2.5) μm, smooth. Ascomata not observed. 
Differential diagnosis — Talaromyces pseudofuniculosus can be distinguished 
from its closely related species, T. funiculosus, by showing appressed metulae 
(divergent in T. funiculosus) and by the pigmentation of the conidiophores, which is 
brownish yellow in T. pseudofuniculosus, and olivaceous in T. funiculosus. Moreover, 
T. pseudofuniculosus has a restricted growth on CREA (2–4 mm diam; 20–30 mm 
diam in T. funiculosus) and does not produce funiculous colonies, a typical feature of T. 
funiculosus mainly on MEA and OA (Yilmaz et al. 2014). 
 
CONCLUDING REMARKS  
This is the first study focused on the diversity of Aspergillus and penicillium-like fungi 
isolated from dung samples, previous findings were limited only to scarce reports. We 
identified 38 species of Aspergillus, including 10 new taxa (A. albodeflectus, A. 
aurantiosulcatus, A. calidokeveii, A. canariensis, A. coprophilus, A. esporlensis, A. 
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fimeti-brunneus, A. longipes, A. majoricus, and A. verruculosus), 41 of Penicillium with 
seven novel species (P. balearicum, P. beceitense, P. caprifimosum, P. fimosum, P. 
ibericum, P. mediterraneum, and P. synnematicola), eigth Talaromyces species, 
including four new species (T. catalonicus, T. coprophilus, T. gamsii, and T. 
pseudofuniculosus), and the new genera Penicillago and Pseudopenicillium with one 
new species each, totalizing 90 species of Eurotialean fungi isolated from dung 
samples in Spain.  
It is remarkable the isolation of species rarely identified before and, never 
recovered from dung, i.e. A. austroafricanus, A. fructus, and A. viridicatenatus (section 
Nidulantes), A. ardalensis (section Flavipedes), and A. floccosus (section Terrei), in 
Aspergillus; and P. canariense (section Stolkia), P. cremeogriseum (section Lanata-
Divaricata), P. momoii (section Exilicaulis), and P. roseoviride (section Aspergilloides), 
in Penicillium.  
The Balearic Islands (n = 45, 27.27 %) and Catalonia (n = 42, 25.45%) were the 
regions that resulted with the highest number of isolates. Both were also the regions 
where more new species were found (i.e., four Aspergillus, three Penicillium and one 
Talaromyces in Balearic Islands, and two new Penicillium and two Talaromyces in 
Catalonia), followed by Castile and Leon with three novel Aspergillus. The new genera 
Penicillago and Pseudopenicillium were recovered in Balearic Islands and Castile and 
Leon, associated with dung of deer and wild pig, respectively. 
In general, our results showed that BenA is a good molecular marker to identify 
Eurotialean fungi, easy to amplify and sequencing, useful for the delimitation of 
sections, as well as for identification and detection of new species of Aspergillus, 
Penicillium and Talaromyces. Our results with BenA agree with other studies where 
large sets of isolates of these genera have been identified (Guevara-Suarez et al. 
2016; Visagie et al. 2014b; Chen et al. 2016b). 
Our study highlights that herbivore dung is a substrate with a great fungal 
diversity and that deserves more attention in future taxonomic studies. 
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Figure 1. ML tree of Aspergillus inferred from BenA including the sections recovered 
from dung in this work. Branch lengths are proportional to phylogenetic distance. Some 
of the larger branches were condensed, with the proportions showed above the paralell 
diagonal lines. Bootstrap support values/Bayesian posterior probability scores over 
70/0.95 are indicated on the nodes. Isolates corresponding to potencially new species 
are shown in bold. Between paranthesis, GenBank accession numbers of BenA 
sequences. The tree is rooted to Penicillium paradoxum CBS 527.65. T = type strain. 
 
Figure 2. ML tree of selected Aspergillus section Usti species inferred from the 
combined ITS, BenA, CaM, and RPB2 loci. Branch lengths are proportional to 
phylogenetic distance. Bootstrap support values/Bayesian posterior probability scores 
over 70/0.95 are indicated on the nodes. The tree is rooted to A. elongatus NRRL 
5176. The name in bold is the new species described in this study. T = type strain. 
 
Figure 3. ML tree of Aspergillus section Flavipedes inferred from the combined ITS, 
BenA, CaM, and RPB2 loci. Branch lengths are proportional to phylogenetic distance. 
Bootstrap support values/Bayesian posterior probability scores over 70/0.95 are 
indicated on the nodes. The tree is rooted to A. janus NRRL 1787. The name in bold is 
the new species described in this study. T = type strain. 
 
Figure 4. ML tree of selected Aspergillus section Terrei species inferred from the 
combined ITS, BenA, CaM, and RPB2 loci. Branch lengths are proportional to 
phylogenetic distance. Bootstrap support values/Bayesian posterior probability scores 
over 70/0.95 are indicated on the nodes. The tree is rooted to A. microcysticus NRRL 
4749 and A. ambiguus NRRL 4737. Names in bold are the new species described in 
this study. T = type strain. 
 
Figure 5. ML tree of Aspergillus section Candidi inferred from the combined ITS, BenA, 
CaM, and RPB2 loci. Branch lengths are proportional to phylogenetic distance. 
Bootstrap support values/Bayesian posterior probability scores over 70/0.95 are 
indicated on the nodes. The tree is rooted to A. niger NRRL 326. Names in bold are the 
new species described in this study. T = type strain. 
 
Figure 6. ML tree of selected Aspergillus section Cremei species, inferred from the 
combined ITS, BenA, CaM, and RPB2 loci. Branch lengths are proportional to 
phylogenetic distance. Bootstrap support values/Bayesian posterior probability scores 
over 70/0.95 are indicated on the nodes. The tree is rooted to A. inflatus CBS 682.79. 
The name in bold is the new species described in this study. T = type strain. 
 
Figure 7. ML tree of Penicillium inferred from BenA including the sections recovered 
from dung in this work. Branch lengths are proportional to phylogenetic distance. Some 
of the larger branches were condensed, with the proportions showed above the paralell 
diagonal lines. Bootstrap support values/Bayesian posterior probability scores over 
70/0.95 are indicated on the nodes. Isolates corresponding to new species are shown 
in bold.  Between paranthesis, GenBank accession numbers of BenA sequences. The 
tree is rooted to Talaromyces flavus CBS 310.38 and Talaromyces duclauxii CBS 
322.48. T = type strain. 
 
Figure 8. ML tree of Penicillium section Roquefortorum inferred from the combined 
ITS, BenA, CaM, and RPB2 loci. Branch lengths are proportional to phylogenetic 
distance. Bootstrap support values/Bayesian posterior probability scores over 70/0.95 
are indicated on the nodes. The tree is rooted to P. samsonianum AS 3.15403 and P. 
osmophilum CBS 462.72. Names in bold are the new species described in this study. T 
= type strain. 
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Figure 9. ML tree of Penicillium section Robsamsonia inferred from the combined ITS, 
BenA, CaM, and RPB2 loci. Branch lengths are proportional to phylogenetic distance. 
Bootstrap support values/Bayesian posterior probability scores over 70/0.95 are 
indicated on the nodes. The tree is rooted to P. brevicompactum CBS 257.29. Names 
in bold are the new species described in this study. T = type strain. 
 
Figure 10. ML tree of Penicillium sections Turbata and Paradoxa  inferred from the 
combined ITS, BenA and CaM loci. Branch lengths are proportional to phylogenetic 
distance. Bootstrap support values/Bayesian posterior probability scores over 70/0.95 
are indicated on the nodes. Names in bold are the new species described in this study. 
T = type strain 
 
Figure 11. ML tree of Penicillium section Ramosa inferred from the combined ITS, 
BenA and CaM loci. Branch lengths are proportional to phylogenetic distance. 
Bootstrap support values/Bayesian posterior probability scores over 70/0.95 are 
indicated on the nodes. The tree is rooted to P. brevicompactum CBS 257.29. The 
name in bold is the new species described in this study. T = type strain. 
 
Figure 12. ML tree of Talaromyces inferred from BenA including the sections 
recovered from dung in this work. Branch lengths are proportional to phylogenetic 
distance. Some of the larger branches were condensed, with the proportions showed 
above the paralell diagonal lines. Bootstrap support values/Bayesian posterior 
probability scores over 70/0.95 are indicated on the nodes. Isolates corresponding to 
new species are shown in bold.  Between paranthesis, GenBank accession numbers of 
BenA sequences. The tree is rooted to T. dendriticus CBS 660.80 and T. purpureus 
CBS 475.71 (Section Purpurei). T = type strain. 
 
Figure 13. ML tree of Talaromyces section Talaromyces inferred from the combined 
ITS, BenA, CaM, and RPB2 loci. Branch lengths are proportional to phylogenetic 
distance. Bootstrap support values/Bayesian posterior probability scores over 70/0.95 
are indicated on the nodes. The tree is rooted to T. dendriticus CBS 660.80 and T. 
purpureus CBS 475.71 (Section Purpurei). Names in bold are the new species 
described in this study. T = type strain. 
 
Figure 14. ML tree of selected of Talaromyces section Trachyspermi inferred from the 
combined ITS, BenA and CaM loci. Branch lengths are proportional to phylogenetic 
distance. Bootstrap support values/Bayesian posterior probability scores over 70/0.95 
are indicated on the nodes. The tree is rooted to T. purpureogenus CBS 286.36 
(Section Talaromyces). The name in red bold the new species described in this study. T 
= type strain. 
 
Figure 15. ML tree of selected members of Aspergillaceae family inferred from BenA. 
Branch lengths are proportional to phylogenetic distance. Some of the larger branches 
were condensed, with the proportions showed above the paralell diagonal lines. 
Bootstrap support values/Bayesian posterior probability scores over 70/0.95 are 
indicated on the nodes. Isolates corresponding to new species are shown in bold.  
Between paranthesis, GenBank accession numbers of BenA sequences. The tree is 
rooted to T. flavus CBS 310.38 and T. purpureogenus CBS 286.36. T = type strain. 
 
Figure 16. ML tree of members of Aspergillaceae family inferred from the combined 
ITS, BenA, and RPB2 loci. Branch lengths are proportional to phylogenetic distance. 
Bootstrap support values/Bayesian posterior probability scores over 70/0.95 are 
indicated on the nodes. The tree is rooted to Talromyces flavus CBS 310.38 and 
Talaromyces purpureogenus CBS 286.36. Names in bold are the new species 
described in this study. T = type strain. 
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Figure 17. Morphological characters of Aspergillus albodeflectus (FMR 15175T). A. 
Colonies from left to right (top row) CYA, MEA, DG18 and OA; (bottom row) CYA 
reverse, MEA reverse, YES, and CREA. B–F. Conidiophores. G. Conidia. Scale bars = 
10 μm. 
 
Figure 18. Morphological characters of Aspergillus aurantiosulcatus (FMR 15182T). A. 
Colonies from left to right (top row) CYA, MEA, DG18 and OA; (bottom row) CYA 
reverse, MEA reverse, YES, and CREA. B. Conidial heads in detail. C–F. 
Conidiophores. G, H. Conidia. Scale bars = 10 μm. 
 
Figure 19. Morphological characters of Aspergillus calidokeveii (FMR 15225T). A. 
Colonies from left to right (top row) CYA, MEA, DG18 and OA; (bottom row) CYA 
reverse, MEA reverse, YES, and CREA. B–E. Conidiophores. F. Conidia. G. Hülle 
cells. Scale bars: B = 50 μm, C–G = 10 μm. 
 
Figure 20. Morphological characters of Aspergillus canariensis (FMR 15736T). A. 
Colonies from left to right (top row) CYA, MEA, DG18 and OA; (bottom row) CYA 
reverse, MEA reverse, YES, and CREA. B–F. Conidiophores. G. Conidia. Scale bars = 
10 μm. 
 
Figure 21. Morphological characters of Aspergillus coprophilus (FMR 15224T). A. 
Colonies from left to right (top row) CYA, MEA, DG18 and OA; (bottom row) CYA 
reverse, MEA reverse, YES, and CREA. B. Sclerotia on CYA at 25 ºC after 7 d. C–E. 
Conidiophores. F. Conidia. G. Diminutive vesicle. Scale bars = 10 μm. 
 
Figure 22. Morphological characters of Aspergillus esporlensis (FMR 14605T). A. 
Colonies from left to right (top row) CYA, MEA, DG18 and OA; (bottom row) CYA 
reverse, MEA reverse, YES, and CREA. B–E. Conidiophores. F, G. Conidia. Scale 
bars = 10 μm. 
 
Figure 23. Morphological characters of Aspergillus fimeti-brunneus (FMR 15228T). A. 
Colonies from left to right (top row) CYA, MEA, DG18 and OA; (bottom row) CYA 
reverse, MEA reverse, YES, and CREA. B–D. Conidiophores. E, F. Accessory conidia. 
G. Conidia. Scale bars = 10 μm. 
 
Figure 24. Morphological characters of Aspergillus longipes (FMR 15444T). A. 
Colonies from left to right (top row) CYA, MEA, DG18 and OA; (bottom row) CYA 
reverse, MEA reverse, YES, and CREA. B, C, E, F. Conidiophores. D. Detailed metula 
and phialides. G. Conidia. Scale bars = 10 μm. 
 
Figure 25. Morphological characters of Aspergillus majoricus (FMR 15181T). A. 
Colonies from left to right (top row) CYA, MEA, DG18 and OA; (bottom row) CYA 
reverse, MEA reverse, YES, and CREA. B–E. Conidiophores. F. Conidia. Scale bars = 
10 μm. 
  
Figure 26. Morphological characters of Aspergillus verruculosus (FMR 15877T). A. 
Colonies from left to right (top row) CYA, MEA, DG18 and OA; (bottom row) CYA 
reverse, MEA reverse, YES, and CREA. B. Sclerotia on CYA at 25 ºC after 7 d. C, E–
G. Conidiophores. D. Conidia. Scale bars = 10 μm. 
 
Figure 27. Morphological characters of Penicillium balearicum (FMR 15191T). A. 
Colonies from left to right (top row) CYA, MEA, DG18 and OA; (bottom row) CYA 
reverse, MEA reverse, YES, and CREA. B. Colony texture on YES at 25 ºC after 1-
week incubation. C–E. Conidiophores. F. Conidia. Scale bars = 10 μm. 
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Figure 28. Morphological characters of Penicillium beceitense (FMR 15038T). A. 
Colonies from left to right (top row) CYA, MEA, DG18 and OA; (bottom row) CYA 
reverse, MEA reverse, YES, and CREA. B–F. Conidiophores. G. Conidia. Scale bars = 
10 μm. 
 
Figure 29. Morphological characters of Penicillium caprifimosum (FMR 15041T). A. 
Colonies from left to right (top row) CYA, MEA, DG18 and OA; (bottom row) CYA 
reverse, MEA reverse, YES, and CREA. B–F. Conidiophores. G. Conidia. Scale bars = 
10 μm. 
 
Figure 30. Morphological characters of Penicillium fimosum (FMR 15104T). A. Colonies 
from left to right (top row) CYA, MEA, DG18 and OA; (bottom row) CYA reverse, MEA 
reverse, YES, and CREA. B. Conidiophores. C. Conidia. D-F. Conidiophores. Scale 
bars = 10 μm. 
 
Figure 31. Morphological characters of Penicillium ibericum (FMR 15040T). A. Colonies 
from left to right (top row) CYA, MEA, DG18 and OA; (bottom row) CYA reverse, MEA 
reverse, YES, and CREA. B. Colony texture on CYA at 25 ºC after 1-week incubation. 
C. Conidia. D–G. Conidiophores. H. Scale bars = 10 μm. 
 
Figure 32. Morphological characters of Penicillium mediterraneum (FMR 15188T). A. 
Colonies from left to right (top row) CYA, MEA, DG18 and OA; (bottom row) CYA 
reverse, MEA reverse, YES, and CREA. B–G. Conidiophores. H. Conidia. Scale bars = 
10 μm. 
 
Figure 33. Morphological characters of Penicillium synnematicola (FMR 15192T). A. 
Colonies from left to right (top row) CYA, MEA, DG18 and OA; (bottom row) CYA 
reverse, MEA reverse, YES, and CREA. B. Colony texture on CYA at 25 ºC after 1-
week incubation. C. Colony texture on OA at 25 ºC after 1-week incubation. D–G. 
Conidiophores. H. Conidia. Scale bars = 10 μm. 
 
Figure 34. Morphological characters of Penicillago flava (FMR 15296T). A. Colonies 
from left to right (top row) CYA, MEA, DG18 and OA; (bottom row) CYA reverse, MEA 
reverse, YES, and CREA. B–F. Conidiophores. G. Conidia. Scale bars = 10 μm.  
 
Figure 35. Morphological characters of Pseudopenicillium coprobium (FMR 15299T). A. 
Colonies from left to right (top row) CYA, MEA, DG18 and OA reverse; (bottom row) 
CYA reverse, MEA reverse, YES, and CREA. B. Colony texture on OA at 25 ºC after 1-
week incubation. C–H. Conidiophores. I. Conidia. Scale bars = 10 μm. 
 
Figure 36. Morphological characters of Talaromyces catalonicus (FMR 16441T). A. 
Colonies from left to right (top row) CYA, MEA, DG18 and OA reverse; (bottom row) 
CYA reverse, MEA reverse, YES, and CREA. B–D. Conidiophores. E. Conidia. Scales 
bars C–D= 100 μm, E–I = 10 μm. 
 
Figure 37. Morphological characters of Talaromyces coprohilus (FMR 15199T). A. 
Colonies from left to right (top row) CYA, MEA, DG18 and OA reverse; (bottom row) 
CYA reverse, MEA reverse, YES, and CREA. B. Detail of the colony texture with 
ascomata on MEA after 2 wk incubation. C. Ascoma. D, E Part of a ascoma and 
peridial hyphae. F. Asci. G. Ascospores. H, I. Conidiophores. J. Conidia. Scales bars 
C–D= 100 μm, E–I = 10 μm. 
 
Figure 38. Morphological characters of Talaromyces gamsii (FMR 15303T). A. 
Colonies from left to right (top row) CYA, MEA, DG18 and OA reverse; (bottom row) 
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CYA reverse, MEA reverse, YES, and CREA. B–E. Conidiophores. F. Conidia. Scale 
bars = 10 μm. 
 
Figure 39. Morphological characters of Talaromyces pseudofuniculosus (FMR 
15307T). A. Colonies from left to right (top row) CYA, MEA, DG18 and OA reverse; 
(bottom row) CYA reverse, MEA reverse, YES, and CREA. B–E. Conidiophores. F. 
Conidia. Scale bars = 10 μm. 
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Figure 1. (Continued). 
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Figure 7. (Continued). 
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Figure S1. ML tree of selected Aspergillus section Terrei species inferred from BenA, 
including the isolates belonging to this section recovered in this work. Branch lengths 
are proportional to phylogenetic distance. Bootstrap support values/Bayesian posterior 
probability scores over 70/0.95 are indicated on the nodes. The tree is rooted to A. 
microcysticus NRRL 4749 and A. ambiguus NRRL 4737. Names in bold are the new 
species described in this study. T = type strain. 
 
Figure S2. ML tree of selected Aspergillus section Cremei species, inferred from ITS. 
Branch lengths are proportional to phylogenetic distance. Bootstrap support 
values/Bayesian posterior probability scores over 70/0.95 are indicated on the nodes. 
The tree is rooted to A. inflatus CBS 682.79. The name in bold is the new species 
described in this study. T = type strain. 
 
Figure S3. ML tree of selected Aspergillus section Cremei species, inferred from BenA. 
Branch lengths are proportional to phylogenetic distance. Bootstrap support 
values/Bayesian posterior probability scores over 70/0.95 are indicated on the nodes. 
The tree is rooted to A. inflatus CBS 682.79. The name in bold is the new species 
described in this study. T = type strain. 
 
Figure S4. ML tree of selected Aspergillus section Cremei species, inferred from CaM. 
Branch lengths are proportional to phylogenetic distance. Bootstrap support 
values/Bayesian posterior probability scores over 70/0.95 are indicated on the nodes. 
The tree is rooted to A. inflatus CBS 682.79. The name in bold is the new species 
described in this study. T = type strain.  
 
Figure S5. ML tree of selected Aspergillus section Cremei species, inferred from 
RPB2. Branch lengths are proportional to phylogenetic distance. Bootstrap support 
values/Bayesian posterior probability scores over 70/0.95 are indicated on the nodes. 
The tree is rooted to A. inflatus CBS 682.79. The name in bold is the new species 
described in this study. T = type strain.  
 
Figure S6. ML tree of selected Aspergillus section Cremei species, inferred from the 
combined ITS, BenA, CaM, and RPB2 loci. Branch lengths are proportional to 
phylogenetic distance. Bootstrap support values/Bayesian posterior probability scores 
over 70/0.95 are indicated on the nodes. The tree is rooted to A. inflatus CBS 682.79. 
The name in bold is the new species described in this study. T = type strain. 
 
Figure S7. ML tree of selected Penicillium section Roquefortorum species, inferred 
from BenA. Branch lengths are proportional to phylogenetic distance. Bootstrap 
support values/Bayesian posterior probability scores over 70/0.95 are indicated on the 
nodes. The tree is rooted to P. sansonianum AS 3.5403 and P. osmophilum CBS 
462.72. Names in bold are the new species described in this study. T = type strain. 
 
Figure S8. ML tree of selected Penicillium section Robsamsonia species, inferred from 
BenA. Branch lengths are proportional to phylogenetic distance. Bootstrap support 
values/Bayesian posterior probability scores over 70/0.95 are indicated on the nodes. 
The tree is rooted to P. brevicompactum CBS 257.29. Names in bold are the new 
species described in this study. T = type strain. 
 
Figure S9. ML tree of selected Penicillium section Paradoxa species, inferred from 
BenA. Branch lengths are proportional to phylogenetic distance. Bootstrap support 
values/Bayesian posterior probability scores over 70/0.95 are indicated on the nodes. 
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The tree is rooted to species of section Tubata. Names in bold are the new species 
described in this study. T = type strain. 
 
Figure S10. ML tree of selected Penicillium section Exilicaulis species, inferred from 
BenA, including the isolates belonging to this section recovered in this work. Branch 
lengths are proportional to phylogenetic distance. Bootstrap support values/Bayesian 
posterior probability scores over 70/0.95 are indicated on the nodes. The tree is rooted 
to P. trzebinskii CBS 382.48. The isolates identified in the current study are in bold. T = 
type strain. 
 
Figure S11. ML tree of selected Talaromyces section Talaromyces species, inferred 
from BenA, including the isolates belonging to this section recovered in this work. 
Branch lengths are proportional to phylogenetic distance. Bootstrap support 
values/Bayesian posterior probability scores over 70/0.95 are indicated on the nodes. 
The tree is rooted to T. dendriticus CBS 660.80 and T. purpureus CBS 475.71. Names 
in bold are the new species described in this study. T = type strain. 
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Figure S1. 
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4.6. New species of Aspergillus from soil 
4.6.1. Aspergillus bicephalus sp. nov. 
João Paulo Zen Siqueira, Josepa Gené, Dania García, Josep Guarro 
Published in: Fungal Planet description sheets, Journal Persoonia 
December 2016, Volume 37, Pages 282–283
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282 Persoonia	–	Volume	37,	2016
Aspergillus bicephalus
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283Fungal Planet description sheets
© 2016   Naturalis Biodiversity Center & Centraalbureau voor Schimmelcultures
Fungal	Planet	497	–	21	December	2016
Aspergillus bicephalus	J.P.Z.	Siqueira,	Gené	&	Guarro,	sp. nov.
 Etymology.	Name	 refers	 to	 the	 production	 of	 conidiophores	with	 two	
conidial	heads.
	 Classification	—	Aspergillaceae, Eurotiales, Eurotiomycetes.
Conidiophores	on	MEA	hyaline,	septate,	smooth,	thick-walled,	
often bifurcately branched, producing a terminal conidial head 






	 Culture	characteristics	—	(in	the	dark,	at	25 °C	after	7 d):	
Colonies	on	CYA	attaining	28–31	mm	diam,	 colony	 texture	
velvety to powdery with a floccose centre, sulcate, sporulation 
strong	with	 conidial	mass	 reddish	white	 (8A2)	 (Kornerup	&	
Wanscher	1978);	reverse	light	yellow	(4A4);	exudate	colourless;	
soluble	pigments	absent.	On	MEA	reaching	20–24	mm	diam,	
velvety to densely floccose, with an elevated centre, sporula-
tion	strong	with	conidial	mass	reddish	white	(8A2)	to	pale	red	





light	 yellow	 (4A4)	 to	 greyish	 yellow	 (4B4);	 exudate	 absent;	
soluble	pigments	absent.	On	OA	reaching	19–20	mm	diam,	
colony texture powdery to slightly granular, strong sporulation in 
centre, conidial mass white; reverse colourless; exudate absent; 
soluble	pigments	absent.	On	CREA,	18–19	mm	diam,	velvety	





15 °C,	44–45	mm	diam	at	30 °C,	44–47	mm	diam	at	37 °C,	
and	32–37	mm	diam	at	40 °C;	growth	absent	at	45 °C.	









the others of the section by its bifurcate conidiophores with 
a terminal conidial head on each branch and by the reddish 
colour	 of	 the	 conidial	mass.	Aspergillus carneus, a species 
of the section with similar macroscopic features, has paler 
colonies,	and	its	vesicles	and	conidia	are	slightly	larger	(9–15	
µm	wide	and	2.5–3	µm	diam,	respectively)	(Klich	2002).	The	
closest phylogenetically related species are A. iranicus and 
A. neoindicus.	However,	the	former	has	white	colonies	which	
change	to	peach	after	3 wk and produces accessory conidia 
(Arzanlou	et	al.	2016),	and	the	latter	species	has	colonies	with	




showing the characteristic colours of the mature conidial heads, closer look 







rently accepted in Aspergillus	sect.	Terrei, rooted to Aspergillus 
niger	NRRL	326	(section	Nigri ).	Maximum	likelihood	bootstrap	
support	 values	≥ 70	%	 (MEGA	v.	6)	and	Bayesian	posterior	
probabilities	 ≥ 0.95	 (MrBayes	 v.	 3.1.2)	 are	 displayed	at	 the	
nodes.	The	novel	species	is	indicated	in	bold	face.
 Aspergillus citrinoterreus GM228T 
 Aspergillus hortai NRRL 274T 
 Aspergillus terreus NRRL 255T 
 Aspergillus neoafricanus NRRL 2399T 
 Aspergillus pseudoterreus NRRL 4017T 
 Aspergillus alabamensis UAB 20T 
 Aspergillus floccosus CBS 116.37T 
 Aspergillus aureoterreus NRRL 1923T 
 Aspergillus niveus NRRL 5505T 
 Aspergillus carneus NRRL 527T 
 Aspergillus allahabadii NRRL 4539T 
 Aspergillus neoindicus NRRL 6134T 
 Aspergillus iranicus  DTO 203-D7T 
 Aspergillus bicephalus FMR 14918T sp. nov. 
 Aspergillus ambiguus NRRL 4737T 
 Aspergillus microcysticus NRRL 4749T 
 Aspergillus neoniveus NRRL 5299T 
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4.6.2. Aspergillus subglobosus sp. nov. 
In preparation to be submitted as part of the article: “New species of Aspergillus 
from South American soils” 
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Aspergillus subglobosus J.P.Z. Siqueira, Gené, García & Guarro sp. nov. 
MycoBank MBXXXX. Figure 11.  
Etymology — Name refers to the typical shape of the vesicles. 
In — Section Terrei 
Specimen examined — Brazil, Sao Paulo, Sao Jose do Rio Preto, from soil, 
2014, J.P.Z. Siqueira (holotype CBS H-XXXX; culture ex-type FMR 15381 = CBS 
XXXX; ITS barcode LT903689, alternative markers: BenA LT903680, CaM LT903683, 
RPB2 LT903686). 
Colony diameter in 7d (mm) — On CYA: 25 ºC 42–46, 30 ºC 54–60, 37 ºC 60–
61; on MEA: 25 ºC 23–24; on DG18: 25 ºC 46–48; on YES: 25 ºC 68–>70; on OA: 25 
ºC 19–21; on CREA: 25 ºC 18–21. 
Colony characters at 25 ºC in 7 d  — On CYA, colonies floccose to powdery, 
slightly radially sulcate, mycelium white, margin entire and slightly fimbriate; reverse 
pale yellow (4A3) to greyish orange (5B5); sporulation dense; with conidial masses 
white to brownish orange (5C5); soluble pigment absent; exudate absent. On MEA, 
colonies floccose, mycelium white to yellowish grey (4B2), margin predominately entire; 
reverse greyish orange (6B6) to brown (6D6); sporulation dense, with conidial masses 
white to brown (5E4); soluble pigment light orange (5A5) weakly produced; exudate 
colorless. On DG18, colonies loosely floccose, mycelium white, margin predominately 
entire and with submerged mycelium; reverse yellowish white (3A2) to light yellow 
(4A4); sporulation moderately dense, with conidial masses pale (2A2) to light yellow 
(3A4); soluble pigment absent; exudate absent. On YES, colonies floccose, irregularly 
sulcate, mycelium white, margin entire; reverse orange (5A7); sporulation dense; with 
conidial masses white to light brown (5D4); soluble pigment absent; exudate absent. 
On OA, colonies powdery,  mycelium white, margin entire and with submerged 
mycelium; reverse light yellow (3A4 to 4A5); sporulation dense, with conidial masses 
pale yellow (3A3) to dull yellow (3B3); soluble pigment absent; exudate absent. On 
CREA, powdery, with slightly elevated center, mycelium white, margin irregular; 
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sporulation moderately dense, with conidial masses yellowish white (4A2); acid 
production absent. 
Micromorphology — On MEA, conidiophores with conidial heads biseriate, 
columnar, in shades of brown; stipes commonly aseptate, 180–400 x 4.5–7 µm, 
smooth, hyaline; vesicles mostly subglobose, 7–17 µm wide, hyaline; metulae 
cylindrical, covering 50% to 75% of the vesicle, 5–8 x 1.5–3 µm, hyaline; phialides 
cylindrical, with the apex slightly narrower, 4.5–8 x 1.5–3 µm, hyaline; conidia globose 
to subglobose, 1.5–3.5 µm, smooth, hyaline. Accessory conidia not observed. 
Ascomata not observed. 
Differential diagnosis — The species more closely related to A. subglobosus are 
A. alabamensis and A. aurantiosulcatus, this latter recently described by Guevara-
Suarez et al. (in press) (Figure 12). The three species are morphologically very similar 
and an outstanding feature in all of them is the profuse growth at 37 ºC. The main 
phenotypic characteristic that allows to distinguish these species is the production of 
soluble pigment on CYA at 25 ºC in A. alabamensis and A. aurantiosulcatus (Balajee et 
al. 2009b; Guevara-Suarez et al. in press), which is absent in A. subglobosus. 
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Figure 11. Morphological characters of Aspergillus subglobosus (FMR 15381T). A. Colonies 
from left to right (top row) CYA, MEA, DG18 and OA; (bottom row) CYA reverse, MEA reverse, 
YES, and CREA. B, C, E, F. Conidiophores. D, G. Conidia. Scale bars = 10 μm. 
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Figure 12. ML tree of Aspergillus section Terrei inferred from the combined ITS, BenA, CaM, 
and RPB2 loci. Branch lengths are proportional to phylogenetic distance. Bootstrap support 
values/Bayesian posterior probability scores over 70/0.95 are indicated on the nodes. 
Thickened branches correspond to full supported clades (100/1). The tree is rooted to A. niger 
NRRL 326. The name in bold represent the new species. T = type strain.
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4.6.3. Aspergillus argentinensis sp. nov. 
In preparation to be submitted as part of the article: “New species of Aspergillus 
from South American soils” 
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Aspergillus argentinensis J.P.Z. Siqueira, Gené, García & Guarro, sp. nov. 
MycoBank MBXXXX. Figure 13.  
Etymology — Name refers to the country of origin of the isolate. 
In — Section Nidulantes 
Specimen examined — Argentina, from soil, 2016, A. M. Stchigel (holotype
CBS H-XXXX; culture ex-type FMR 15740 = CBS XXXX; ITS barcode LT903690, 
alternative markers: BenA LT903681, CaM LT903684, RPB2 LT903687). 
Colony diameter in 7d (mm) — On CYA: 25 ºC 27–29, 30 ºC 26–28, 37 ºC no 
growth; on MEA: 25 ºC 21–22; on DG18: 25 ºC 16–18; on YES: 25 ºC 35–37; on OA: 
25ºC 10–15; on CREA: 25 ºC 18–19. 
Colony characters at 25 ºC in 7 d  — On CYA, colonies floccose, slightly 
elevated, irregularly sulcate, mycelium white to brownish orange (5C6), margin slightly 
lobulate; reverse light yellow (4A4), with irregular dark brown (6F7) areas; sporulation 
sparse; soluble pigment absent; exudate absent. On MEA, colonies floccose, slightly 
radially sulcate, mycelium white to orange white (5A2), margin slightly lobulate; reverse 
pale orange (5A3) to brownish orange (5C6); sporulation moderately dense, with 
conidial masses orange white (5A2) to greyish green (29C2); soluble pigment absent; 
exudate absent. On DG18, colonies floccose to slightly powdery, mycelium white to 
yellowish white (4A2), margin irregular; reverse light yellow (3A4); sporulation dense, 
with conidial masses yellow (3A6) at the centre, white at the periphery, with greyish 
green (28B6) areas; soluble pigment absent; exudate absent. On YES, colonies 
floccose to slightly cottony, irregularly sulcate, mycelium white to pale orange (5A3), 
with dull green (29D3) areas, margin slightly lobulate; reverse pale orange (5A3) to 
orange (6B7); sporulation sparse; soluble pigment absent; exudate absent. On OA, 
colonies powdery to slightly granulose, with submerged mycelium, mycelium white, 
margin irregular; reverse yellowish white (3A2) to dull green (29D3); sporulation dense, 
with conidial masses dark green (27F7); soluble pigment absent; exudate absent. On 
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CREA, colonies loosely cottony, mycelium white, margin slightly lobulate; sporulation 
sparse; acid production absent. 
Micromorphology — On MEA, conidiophores with conidial heads biseriate, 
radiate, in shades of green; stipes commonly septate, (400)550–1100 x 5.5–8.5 µm, 
smooth, hyaline; vesicles mostly spatulate, 11–17 µm wide, hyaline; metulae cylindrical 
to barrel-shaped, covering 100% of the vesicle, 3.5–6 x 3–4.5 µm, hyaline; phialides 
cylindrical to flask-shaped, 3.5–7 x 2.5–4 µm, hyaline; conidia globose, subglobose, to 
ellipsoidal, 2.5–3.5 x 2–3 µm, smooth to finely roughened, hyaline. Ascomata not 
observed. 
Differential diagnosis — Phylogenetically, A. argentinensis belongs to the A. 
versicolor clade of section Nidulantes (Chen et al. 2016). This new species is closely 
related to A. griseoaurantiacus, A. pepii, A. versicolor, A. fructus, A. tabacinus, and A. 
protuberus (Figure 14). Aspergillus griseoaurantiacus, A. versicolor and A. fructus differ 
from A. argentinensis because they are able to grow at 37 ºC (Jurjevic et al. 2012; 
Visagie et al. 2014b). In addition, whereas A. argentinensis does not produce soluble 
pigment in any of the culture media tested, A. versicolor and A. fructus produce a 
reddish pigment on CYA at 25 ºC, (Jurjevic et al. 2012), in the same medium, A. peppi 
produces a brownish pigment (Despot et al. 2017), and in A. protuberus it is vinaceous-
fawn to pale yellow. In comparison to A. tabacinus (Jurjevic et al. 2012), A. 
argentinensis shows a faster growth on MEA at 25 ºC in 7 days (12–16 mm diam vs 
21–22 mm) and it has finely roughened conidia (smooth in A. tabacinus). 
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Figure 13. Morphological characters of Aspergillus argentinensis (FMR 15740T). A. Colonies 
from left to right (top row) CYA, MEA, DG18 and OA; (bottom row) CYA reverse, MEA reverse, 
YES, and CREA. B–E . Conidiophores. F. Conidia. Scale bars = 10 μm. 
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Figure 14. ML tree of selected Aspergillus section Nidulantes species inferred from the 
combined ITS, BenA, CaM, and RPB2 loci. Branch lengths are proportional to phylogenetic 
distance. Bootstrap support values/Bayesian posterior probability scores over 70/0.95 are 
indicated on the nodes. Thickened branches correspond to full supported clades (100/1). The 
tree is rooted to A. spelunceus NRRL 4989. The name in bold represent the new species. T = 
type strain.  
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4.6.4. Aspergillus tumidus sp. nov. 
In preparation to be submitted as part of the article: “New species of Aspergillus 
from South American soils” 
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Aspergillus tumidus J.P.Z. Siqueira, Gené, García & Guarro, sp. nov. MycoBank 
MBXXXX. Figure 15.  
Etymology — Name refers to the swollen characteristic of some vegetative and 
metulae cells. 
In — Section Nidulantes 
Specimen examined — Chile, Atacama desert, from soil, 2016, A. M. Stchigel 
(holotype CBS H-XXXX; culture ex-type FMR 15743 = CBS XXXX; ITS barcode 
LT903691, alternative markers: BenA LT903682, CaM LT903685, RPB2 LT903688). 
Colony diameter in 7d (mm) — On CYA: 25 ºC 34–37, 30 ºC 32–34, 37 ºC no 
growth; on MEA: 25 ºC 22–23; on DG18: 25 ºC 22–23; on YES: 25 ºC 33–35; on OA: 
25 ºC 29–31; on CREA: 25 ºC 20–22. 
Colony characters at 25 ºC in 7 d — On CYA, colonies velvety to floccose, 
slightly radially sulcate, with elevated center, mycelium white, margin entire to slightly 
lobulate; reverse light green (28A4) to dark brown (6F6); sporulation dense; with 
conidial masses dark green (29F7); soluble pigment absent; exudate absent. On MEA, 
colonies floccose to loosely cottony, mycelium white to greenish white (28A2), margin 
slightly lobulate; reverse light orange (5A4); sporulation dense, with conidial masses 
pale green (28A3) to dark green (28F8); soluble pigment absent; exudate light green 
(28A4). On DG18, colonies floccose to powdery, mycelium white to greenish white 
(28A2), margin slightly lobulate; reverse light orange (5A4); sporulation dense, with 
conidial masses pale green (28A3) to dark green (28E8); soluble pigment absent; 
exudate light green (28A4). On YES, colonies floccose to slightly cottony, radially 
sulcate, mycelium white to greyish green (29B3), margin lobulate; reverse light yellow 
(4A4) to dark brown(6F6); sporulation dense, with conidial masses greyish green 
(27C3 to 27E7); soluble pigment absent; exudate yellowish white (3A2) to light yellow 
(3A4). On OA, colonies cottony at center, powdery towards the periphery, mycelium 
white, margin slightly lobulate and with submerged mycelium,; reverse white to dull 
green (28D4); sporulation moderately dense, with conidial masses deep green (29E8); 
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soluble pigment absent; exudate absent. On CREA, colonies loosely cottony, dense at 
the centre, mycelium white, margin irregular; sporulation moderately dense, with 
conidial masses greyish green (28B4); acid production absent. 
Micromorphology — On MEA, conidiophores with conidial heads biseriate, 
radiate, in shades of green; stipes commonly septate, 80–400 x 3–5.5 µm, smooth, 
hyaline; vesicles subglobose, 5.5–15 µm wide, hyaline; metulae usually inflated, 5.5–
9.5 x 2.5–8 µm, covering 75% to 100% of the vesicle, hyaline; phialides flask-shaped, 
6.5–10 x 2.5–5 µm, hyaline; conidia globose to subglobose, 3–8 µm, smooth to finely 
roughened, in shades of green. Hülle cells frequent, mostly globose, sometimes 
irregular shaped, 12–28 µm. Swollen cells frequently observed along or laterally to the 
hyphae, mostly globose to ovoid, 8–15 x 10–20 µm. Ascomata not observed. 
Differential diagnosis — A. tumidus belongs to the A. multicolor clade in section 
Nidulantes (Chen et al. 2016), together with A. multicolor, A. mulundensis, and A. 
pluriseminatus (Figure 16). Aspergillus multicolor has pink to purple drab mycelium and 
pink Hülle cells; A. mulundensis presents conidial masses pale green to blue green 
(Chen et al. 2016); and A. pluriseminatus only produces the sexual morph (Stchigel 
and Guarro 1997). 
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Figure 15. Morphological characters of Aspergillus tumidus (FMR 15743T). A. Colonies from left 
to right (top row) CYA, MEA, DG18 and OA; (bottom row) CYA reverse, MEA reverse, YES, and 
CREA. B. Conidiophore and Hülle cells. C, D. Conidiophores. E. Swollen cells. F, G. Conidia. 
Scale bars = 10 μm. 
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Figure 16. ML tree of selected Aspergillus sections Nidulantes, Usti, and Aenei species inferred 
from the combined ITS, BenA, CaM, and RPB2 loci. The grey box highlights the A. multicolor 
clade (Chen et al. 2016). Branch lengths are proportional to phylogenetic distance. Bootstrap 
support values/Bayesian posterior probability scores over 70/0.95 are indicated on the nodes. 
Thickened branches correspond to full supported clades (100/1). The name in bold represent 
the new species. T = type strain. 
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5. SUMMARIZING DISCUSSION
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The evolutionary history and relationship among the organisms can be 
estimated by the study of phylogenetic inference (Nei and Kumar 2000). Comparing 
genetic sequences and reconstructing phylogenetic trees can help us explain 
similarities and differences among the organisms, including fungi, and better delimitate 
our currently used classification system, from the higher ranks to the species level. 
Based on that, using type and reference species, the comparison of sequences cannot 
only infer relationships, but also identify morphologically similar species. In Aspergillus, 
the sections are in general morphologically recognizable; however, in many cases, the 
members within the sections may share similar morphological characteristics, being 
difficult to identify based only on phenotypic features. In the clinical diagnosis, these 
cases are referred as species complexes (e.g., A. fumigatus complex, A. terreus 
complex, A. nigri complex) (Balajee 2009; Vermeulen et al. 2014). The species hard to 
be morphologically distinguished from the leading pathogen or the most common 
species of the section are usually named cryptic species (Geiser et al. 2007; 
Balasundaran et al. 2015). Recently, the study of cryptic species of Aspergillus has 
received greater attention owing to advances in molecular identification, which enabled 
better differentiation. Two large studies, based on DNA-based identification, one from 
transplant recipients in the USA (Balajee et al. 2009a) and the other on the 
epidemiology of fungi infections on deep tissue samples, blood cultures, and 
respiratory samples in Spain (Alastruey-Izquierdo et al. 2013), showed that the 
prevalence of cryptic species in Aspergillus were 11 % and 12 %, respectively. Using 
phylogenetic analyses, we could observe in the studies enclosed in this thesis the high 
incidence of cryptic species. For example, in our study of section Versicolores, of the 
77 clinical isolates tested, 10 species were recovered and only one isolated was 
identified as A. versicolor (1.3 %), which is considered the main pathogenic agent of 
this group (Buzina 2013). Similarly, among 34 clinical isolates (distributed in seven 
species) belonging to the section Circumdati only three were identified as A. ochraceus 
(8.8 %), and among 25 isolates (five species) of the section Circumdati none was 
identified as A. glaucus, which are, respectively, considered the most commonly 
reported pathogens of these two sections (De Hoog et al. 2011; Buzina 2013). 
Consequently, using molecular tools, the diversity of species associated to 
clinical samples is considerable higher than expected and many Aspergillus species 
are being isolated for the first time from human clinical specimens (Hubka et al. 2012; 
Negri et al. 2014; Masih et al. 2016). Our studies also confirm this tendency, since we 
reported eight species recovered for the first time from human samples, including three 
new species, i.e. A. pseudosclerotiorum (Siqueira et al. 2017), A. microperforatus 
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(Siqueira et al. in press), and A. hemisphaericus, this latter not published yet (article in 
preparation for submission). 
Many authors have described in recent studies a change in the epidemiology of 
fungal infections (Richardson and Lass-Florl 2008; Enoch et al. 2017). However, it is 
unclear whether it is because the improved capability of molecular identification tools 
and databases, or a genuine trend of increasing frequency of rare species (Howard 
2014). It is possible that the considered rare or cryptic species were already causing 
infections in the past, but that they could not be distinguished or were not even 
described, overestimating the frequency of the most common species. For example, in 
our work with cryptic and rare Aspergillus (see section 4.4), three of the species were 
not correctly identified at the moment of their isolation, being assigned to other close 
related species or considered as part of a complex. Moreover, reports of 
misidentifications in Aspergillus are been increasingly found in the literature (Hubka et 
al. 2014; Khare et al. 2014; Tam et al. 2014). Consequently, new information provided 
by taxonomic studies may be altering the epidemiology of Aspergillus infections.  
 Opportunistic infections have gradually increased in recent decades, showing 
high morbidity and mortality rates, especially in immunocompromised patients. The 
optimum management and treatment of these infections are often difficult to establish 
because of the limited understanding of the impact of fungal diseases and the low 
investment in medical mycology, which cannot be compared with the ones in other 
areas, such as bacteriology and virology. To understand the true scale of the problem, 
it is needed to gather better-defined and accurate epidemiological data (Brown et al. 
2012). This is only possible through correct identification of the agents and reliable 
antifungal susceptibility data, allowing appropriate therapeutics. 
Regarding antifungal susceptibility testing, we encountered difficulties to 
compare our results with other works due to the lack of information in the literature 
respect to the species identified in our studies. Although reports on susceptibility of less 
common species have increased in the last few years (Alastruey-Izquierdo et al. 2014; 
Nedel and Pasqualotto 2014), reliable information on the cryptic and rare species is still 
scarce. The CLSI has established epidemiologic cut-off values for triazoles (ITC, PSC, 
VRC, and isavuconazole) and AMB for only six Aspergillus species, i.e., A. fumigatus, 
A. flavus, A. niger, A. terreus, A. nidulans, and A. versicolor (Espinel-Ingroff et al. 2010; 
Espinel-Ingroff et al. 2011; Espinel-Ingroff et al. 2013). The limited number of available 
isolates still precludes the determination of epidemiologic values for other species and 
antifungal drugs. It has been reported that some species can be intrinsically resistant to 
some antifungals; for instance, A. terreus to AMB; A. calidoustus and A. flavus to 
triazoles; and A. lentulus to azoles and AMB (Arendrup 2014). However, acquired 
UNIVERSITAT ROVIRA I VIRGILI 
CLINICAL AND ENVIRONMENTAL ASPERGILLUS: MORPHOLOGICAL AND MOLECULAR CHARACTERIZATION, PHYLOGENY, 
AND ANTIFUNGAL SUSCEPTIBILITY PROFIL·LE 
Joao Paulo Zen Siqueire 
resistance became an emerging problem in recent years (Howard et al. 2009). It is now 
accepted that resistance can develop upon prolonged exposure to antifungal drugs at a 
sub-lethal concentration (Perlin and Hope 2010; Hagiwara et al. 2016). In addition, 
environmentally derived resistance mutations have emerged as a major cause of 
resistance among Aspergillus strains over the last decade (Chowdhary et al. 2013). 
Moreover, susceptibility patterns may be variable among phenotypically similar species 
(Alastruey-Izquierdo et al. 2014). In our studies, we tried to expand the information 
regarding antifungal susceptibility, especially from the least studied species, providing 
in vitro data of 128 isolates from 16 species against at least eight antifungal drugs. 
Although our results demonstrated that, in general, the most common antifungals 
available exhibit in vitro activity against the Aspergillus species tested, poor activity of 
AMB could be observed, especially for some members in section Circumdati. These 
results highlight the importance of antifungal susceptibility testing and correct 
identification. 
It is worth mentioning that the lack of information in relation to the origin of the 
clinical isolates included in this thesis has hampered the analyses of their real role as 
causal agents of infection. However, they should be considered at least as potential 
opportunistic pathogens. These findings can promote future studies on epidemiology, 
pathogenicity and susceptibility, taking into account the novel species described here 
and also the species reported in clinic for the first time. 
Clearly, not only the clinical setting but also the environment is a great source of 
fungal biodiversity. In fact, the environment is the primary origin of Aspergillus diversity, 
since infections caused by this fungus are commonly opportunistic. As mentioned 
before, the biology of Aspergillus enables it to survive in a wide variety of conditions 
and substrates, such as stored products and indoor environments. However, since the 
spores of Aspergillus are easily carried by the wind, soil is one of main reservoirs of 
Aspergillus species. Adametz (1886) was one of the pioneers of soil fungus study, 
reporting Aspergillus in this substrate over 130 years ago. Aspergillus species seem to 
favor temperate and tropical soils (Dix and Webster 1995), but they can be found in 
virtually every type of soil. This was demonstrated in this thesis, where soils from 13 
countries were analyzed, including different climates and vegetation, from deserts to 
Antarctica soil, and 48 species, including four new ones, A. argentinensis, A. 
bicephalus, A. subglobosus, and A. tumidus. 
Since we considered droppings as a high source of fungal diversity, we 
investigated the incidence of Aspergillus species on herbivore dung samples collected 
in Spain. Dung is considered a complex substratum with high amounts of readily 
available carbohydrates and nitrogen content. Furthermore, the presence of 
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micronutrients, the physical structure, pH, and varying moisture content make it a rich 
medium for fungal growth (Richardson 2001). Although some species of Aspergillus 
have been reported from dung, it lacks in the literature studies focused on Aspergillus 
diversity in this substrate. The analyses of 130 samples from different Spanish regions 
showed great Aspergillus diversity, with over 48 species identified distributed in 12 
sections. As a result, ten new species of Aspergillus were found and described here, 
highlighting that this substrate can offer a great opportunity for studies of fungal 
diversity. 
The focus of this thesis was on reliable identification of Aspergillus isolates and 
species diversity in different substrates. From the first description by Micheli in 1729, 
more than 350 species have been described. With this thesis, we have contributed to 
expand the knowledge on the fungal biodiversity, increasing the number of new 
species of Aspergillus, and the spectrum of species found in the clinical setting. 
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6. CONCLUSIONS
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This thesis assessed the species diversity of the Aspergillus sections 
considered poorly studied in clinical and environmental sources. A polyphasic 
approach based on a multilocus phylogenetic analyses and phenotypic characterization 
of the fungi isolated was carried out for their identification to species level with 
confidence. In addition, the antifungal susceptibility profiles of most of the species 
isolated from clinical samples were determined. In summary, we identified 303 
Aspergillus isolates that did not belong to sections Flavi, Fumigati, and Nigri. These 
corresponded to 76 species, distributed in the sections: Aspergillus, Candidi, 
Circumdati, Clavati, Cremei, Flavipedes, Jani, Nidulantes, Terrei, and Usti. 
From Aspergillus associated to clinical specimens, we concluded that: 
1. The most frequent sections in our set of clinical isolates were Nidulantes
(including members of the former Versicolores section), Circumdati, Aspergillus, and 
Usti.  
2. A total of 49 species were identified, and the most frequently isolated
corresponded to: A. sydowii, A. creber, A. amoenus, and A. protuberus in section 
Nidulantes; A. westerdijkiae, A. pseudosclerotiorum, and A. sclerotiorum in section 
Circumdati; A. montevidensis and A. chevalieri in section Aspergillus; and A.
calidoustus in section Usti. 
3. The species identified for the first time from clinical sources were: A. jensenii, A.
pachycristatus, A. puulaauensis, A. subramanianii, and A. spelaeus. In addition, among 
the clinical isolates, three new species were characterized, i.e. A. microperforatus, A.
pseudosclerotiorum and A. hemisphaericus. 
4. In general, the antifungal drugs tested in vitro showed good activity against the
species of the section Aspergillus. The species belonging to the other sections studied, 
i.e. Circumdati and Versicolores, showed similar susceptibility patterns, with the three 
echinocandins (AFG, CFG, and MFG) and TBF being the most potent drugs, whereas 
AMB had less activity. Especially high MICs were observed for AMB against A.
ochraceus, A. subramanianii, and A. westerdijkiae in the Circumdati section. 
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From Aspergillus isolated from environmental samples, i.e. herbivore 
dung, soil, and plant material, we found that:  
 
5. Herbivore dung, although poorly studied, was a substrate with a great diversity 
in Aspergillus species. The most frequent sections identified were Flavipedes, 
Nidulantes, Terrei, and Candidi. In addition, ten new species were described from this 
substrate, i.e. A. albodeflectus, A. aurantiosulcatus, A. calidokeveii, A. canariensis, A. 
coprophilus, A. esporlensis, A. fimeti-brunneus, A. longipes, A. majoricus, and A. 
verruculosus. 
 
6. Soil also proved to be a great reservoir of rare and new Aspergillus species. In 
this sense, the most frequent sections in our isolates were, Nidulantes, Usti, and Terrei. 
Furthermore, four new species were characterized, i.e. A. argentinensis, A. bicephalus, 
A. subglobosus, and A. tumidus.  
 
7. Although plant debris was not extensively studied in this thesis, a total of 10 
species were identified, i.e. A. allahabadii, A. brasiliensis, A. carneus, A. creber, A. 
flavus, A. hortai, A. micronesiensis, A. niger, A. templicola, and A. terreus. These 
results show that this substrate should also be considered a source of diversity of 
Aspergillus species.  
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